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Spillway: 

Type  of  gates  Ta inter 

Number  of  bays  2 

Bay  width,  feet  82 

Height  above  sill,  feet  39 

Height  above  crest,  feet  38.08 

Radius,  feet  37 

Trunnion  anchorage  type  Prestressed 
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WYNOOCHEE  DAM 
FOUNDATION  REPORT 


SECTION  1.  INTRODUCTION 


1 .01  Location  and  Description  of  Project. 

1.01.1  The  multipurpose  Wynoochee  Lake  project  is  located  on  the  Wynoochee 
River  in  the  southern  Olympic  Mountains  about  28  air  miles  north  of  Montesano, 
Washington,  and  51.8  river  miles  above  the  confluence  with  the  Chehalis  River 
(figure  1-1).  The  project  consists  of  a  dam,  reservoir,  outlet  works,  and 
fish  facilities  and  provides  industrial  water  supply,  flood  control,  recrea¬ 
tion,  irrigation  and  enhancement  of  fisheries.  Wynoochee  Dam  spans  a  narrow, 
near  vertical-walled  rock  canyon  and  rises  50  feet  above  the  canyon  lip, 
impounding  a  reservoir  4.4  miles  long  at  normal  full  pool  elevation  800  feet. 
The  175-foot-high  concrete  gravity  section  of  the  dam  is  founded  on  basaltic 
bedrock.  The  flanking  zoned  earth  and  rockfill  embankments  on  each  side 
(figure  1-2)  generally  are  founded  on  granular  materials  with  their  central, 
semi -impervious  cores  keyed  to  bedrock.  The  right  embankment  section  joins  an 
impervious  clay  blanket  that  extends  upstream  to  follow  the  reservoir  shore¬ 
line  for  1,000  feet.  The  clay  blanket  serves  to  lengthen  the  seepage  path 
around  the  right  abutment  of  the  dam.  On  the  left  abutment,  the  left  embank¬ 
ment  transitions  into  a  zoned  upstream  slope  treatment  section  which  extends 
to  a  point  approximately  700  feet  beyond  the  end  of  the  concrete  dam.  Approx¬ 
imately  400  feet  of  the  section  has  a  cutoff  core  to  rock,  with  the  remainder 
bottoming  in  a  cutoff  on  top  of  the  natural  clay  layer.  A  gravel  filter  blan¬ 
ket  and  a  seepage  collection  pipe  to  control  seepage,  prevent  erosion,  and 
increase  the  stability  of  the  left  bank  downstream  seepage-emergence  area  are 
provided  between  700  and  1,700  feet  downstream  from  the  dam  on  the  left  abut¬ 
ment  (plate  17  in  appendix  B). 

1.01.2  Wynoochee  lake  project  was  proposed  in  House  Document  601  and  author¬ 
ized  by  Public  Law  87-974,  87th  Congress,  2d  Session,  as  a  part  of  the  Flood 
Control  Act  of  1962.  Preliminary  investigations  began  in  1964  and  final  sit¬ 
ing  was  made  in  1965.  Detailed  foundation  investigation  was  completed  in  1967. 
Pertinent  data  for  the  project  are  summarized  in  table  1-1. 

1.02  Purpose  and  Scope .  This  report  is  prepared  in  accordance  with 
ER -1110-1-1801,  dated  15  December  1981,  as  amended  by  changes  1  and  2  dated 
30  June  1982  and  1  April  1983,  which  requires  as-built  foundation  reports  for 
major  construction  projects.  The  purpose  of  this  report  is  to  insure  the 
preservation  for  future  use  of  complete  records  of  foundation  conditions 
encountered  during  construction  and  of  methods  used  to  adapt  structures  to 
these  conditions . 

1.03  Acknowledgements .  This  report  was  originally  drafted  by  Dennis  Iarson, 
Project  Geologist,  Portland  District,  on  temporary  assignment  to  Wynoochee 
Lake  Project.  The  report  was  substantially  modified  by  Richard  Eckerlin, 

Staff  Geologist,  Seattle  District  under  the  supervision  of  David  Gembala, 
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Chief,  Geology  Section,  and  general  supervision  of  Charles  Perry,  Chief,  Geo¬ 
technical  Branch,  Seattle  District.  Mr.  R.  Boya  Kramer  was  Resident  Engineer. 
Much  of  the  basic  preconstruction  geological  investigations  were  accomplished 
by  John  Nelson,  Staff  Geologist,  Seattle  District.  Mr.  Richard  Galster,  for¬ 
mer  Chief,  Geology  Section,  provided  a  formal  comprehensive  review  of  this 
report. 

1.04  Construction  History.  Wynoochee  Dam  was  designed  by  the  Seattle  Dis¬ 
trict,  U.S.  Army  Corps  of  Engineers.  The  prime  construction  contract 
(DACW67-70-C-0005)  was  awarded  to  Dravo  Corporation  of  Bellevue,  Washington. 
Construction  of  the  dam  commenced  in  August  1969  and  was  completed  in  October 
1972. 

1.04.1  Work  in  1969.  Clearing  and  grubbing  for  the  left  and  right  abutments 
were  started  in  August  and  completed  in  October.  Rock  excavation  for  left 
bank  monoliths  commenced  in  September.  By  the  end  of  1969,  all  common  excava¬ 
tion  of  foundations  for  the  left  and  right  embankments  and  for  the  concrete 
section  was  complete,  spillway  rock  excavation  was  to  grade,  and  drilling  for 
rock  bolt  reinforcement  in  the  spillway  was  in  progress. 

1.04.2  Work  in  1970.  In  January  1970,  rock  excavation  was  started  for  the 
river  diversion.  By  April,  most  of  the  drain  holes  and  rock  bolts  were 
installed  on  the  left  side  of  the  spillway  chute  and  excavation  was  complete 
for  the  upstream  right  bank  cutoff  trench.  By  the  end  of  June,  foundation 
excavation  was  complete  for  monoliths  12,  13,  and  14  and  placement  of  clay  was 
in  progress  in  the  right  bank  cutoff  trench.  By  September,  rock  excavation 
was  98  percent  complete;  concrete  had  been  placed  in  monoliths  12,  13,  and  14; 
and  installation  of  the  river  diversion  pipe  was  in  progress.  By  the  end  of 
the  year,  the  diversion  pipe  installation  was  complete  and  foundation  concrete 
had  been  placed  in  monoliths  1,  2,  3,  6,  10,  11,  12,  13,  and  14. 

1.04.3  Work  in  1971.  By  February  1971,  rock  excavation  for  the  monolith  7 
foundation  was  in  progress.  By  April,  concrete  had  been  placed  in  all  mono¬ 
liths,  except  monoliths  5,  8,  and  9,  and  by  June,  concrete  had  been  placed  in 
all  monoliths.  In  July,  placement  of  the  right  embankment  and  tie  to  the 
upstream  clay  blanket  was  in  progress,  and  the  spillway  chute  slab  was  com¬ 
pleted.  In  August,  monolith  7  foundation  grouting  was  completed  and  place¬ 
ment  of  the  left  embankment  was  in  progress.  By  the  end  of  October,  all  foun¬ 
dation  drilling  and  grouting  were  complete,  plugging  of  the  diversion  pipe  was 
complete,  and  contractor  was  completing  riprap,  rockfill,  and  topsoil  work. 

All  work,  except  on  the  elevator,  was  suspended  on  17  December  due  to  funding 
problems . 

1.04.4  Work  in  1972.  The  contractor  resumed  work  on  20  March  and  completed 
final  grading,  road  surfacing,  concrete  finishing,  riprap  dressing,  and 
cleanup  by  September  1972. 

1.04.5  Initial  Pool  Raise  in  1973.  The  reservoir  was  initially  raised  from 
March  through  June  1973.  Foundation  leakage  and  abutment  seepage  were  moni¬ 
tored  daily  through  April  1973  and  then  weekly  through  June.  The  dam  was 
determined  safe  for  reservoir  raising  to  elevation  800  feet. 

1.05  Construction  Photographs.  Refer  to  appendix  A  for  selected  construction 
photographs . 
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SECTION  2.  INVESTIGATIONS 


2.01  Site  Selection;  Geologic  reconnaissance  mapping  was  conducted  during 
the  general  investigation  in  1958  through  1961  on  the  Wynoochee  River.  Four 
possible  damsites  at  river  miles  16,  42.5,  43.1,  and  51.8  were  examined.  TVo 
sites  were  found  adaptable  to  construction  of  a  project.  The  site  at  river 
mile  42.5  was  determined  suitable  for  a  power  dam;  however,  studies  indicated 
that  hydroelectric  power  could  not  be  produced  economically.  Storage  and 
other  purposes  could  best  be  met  by  a  dam  at  river  mile  51.8.  Investigations 
consisting  of  geologic  mapping  and  subsurface  drilling  began  in  1964.  The 
final  site  was  selected  in  1965.  Detailed  foundation  investigation  was  com¬ 
pleted  in  1967. 

2.02  Investigations  Prior  to  Construction.  Approximately  45  exploratory  bor¬ 
ings  were  drilled  using  diamond  drill,  rotary  drill,  cable  tool,  and  bucket 
auger  methods.  In  addition  to  drilling,  exploration  included  nine  backhoe 
pits,  five  backhoe  trenches,  and  eight  dozer  cuts.  See  plates  1  through  7  in 
appendix  B.  In  several  drill  borings  fine  grained  soils  were  drive  sampled 
using  3-inch-diameter  Shelby  tubes,  and  selected  tubes  were  tested  in  the 
laboratory.  Triaxial  shear  and  consolidation  tests  were  conducted  on  repre¬ 
sentative  undisturbed  Shelby-tube  samples  of  foundation  clays.  Gradation, 
Atterberg  limits,  moisture  content,  triaxial  shear,  and  permeability  tests 
were  conducted  on  selected  disturbed  samples  of  foundation  materials.  See 
Appendix  C,  laboratory  Analyses  and  Appendix  D,  Boring  Logs.  Field  dye  tests 
provided  additional  data  on  ground  water  conditions.  No  rock  testing  was 
completed  on  the  foundation  rock.  Since  the  nature  of  the  rock  was  charac¬ 
terized  by  numerous  discontinuous,  randomly  oriented  joints,  testing  of 
un jointed  specimens  would  not  give  strengths  representative  of  the  jointed 
rock  mass.  It  was  assumed  that  the  compressive  strength  of  the  confined  rock 
at  the  base  of  the  dam  would  be  equal  to  or  greater  than  the  compressive 
strength  of  the  mass  concrete  in  the  dam  (Corps  of  Engineers,  DM10,  1967). 

2.03  Investigations  During  Construction.  Three  NX  rotary  drill  borings  were 
drilled  Into  the  downstream  right  side  slope  beyond  the  toe  of  monolith  6  to 
examine  the  possible  open  condition  of  several  50  to  90  degree  dipping  relief 
joints  located  behind  the  natural  slope.  Also,  holes  were  drilled  where  the 
slope  was  to  be  excavated  for  the  river  diversion  pipe.  On  the  right  bank  in 
the  foundations  of  monoliths  1  through  5,  six  shallow  holes  were  drilled  with 
a  2-1/ 2-inch-d lame ter  track  drill  to  determine  characteristics  of  a  hard  gla¬ 
cial  till  deposit.  The  drilling  showed  that  the  material  was  unsatisfactory 
for  the  foundation  and  was  later  removed.  The  concrete  monolith  foundations 
were  mapped  intermittently  in  1970  and  1971  by  temporary  duty  personnel  from 
Portland  District.  The  monolith  5  foundation  was  concealed  by  debris  from 
foundation  preparation  of  monolith  4  and  the  monolith  9  foundation  was  con¬ 
cealed  beneath  a  haul  road  fill  while  a  geologist  was  at  the  project  and  nei¬ 
ther  were  mapped.  The  spillway  foundation  was  not  mapped. 
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SECTION  3.  GEOLOGY 


3.01  Areal  Geology. 

3.01.1  The  project  lies  on  the  south  flank  of  the  Olympic  Mountains.  The 
Olympics  consist  of  thrust-faulted.  Tertiary,  clastic,  marine  metasediments 
flanked  on  the  north,  east,  and  on  the  south  by  early  Tertiary  volcanic  rocks 
and  sediments  that  dip  away  from  the  core  (Tabor  and  Cady,  1978).  Core  and 
peripheral  rocks  constitute  two  major  geologic  terraces  as  shown  on  figure 
3-1.  Core  rocks  are  divided  into  an  eastern  terrane  and  a  western  terrane 
(Stewart,  1974).  Western  core  rocks  are  mostly  sandstone,  siltstone,  and 
minor  conglomerate  with  scattered  volcanic  rocks  in  major  shear  zones.  West¬ 
ern  core  rocks  are  nonslaty,  while  eastern  core  rocks  consist  of  sedimentary 
rocks  locally  metamorphosed  to  slate,  semischist,  and  phyllite.  The  eastern 
core  rocks  are  sheared  and  broken.  Ages  of  core  rocks  progress  from  oldest  to 
youngest  westward.  Core  rocks  are  separated  from  the  peripheral  rocks  by 
steeply  dipping  thrust  faults.  The  oldest  peripheral  rocks  belong  to  the  Blue 
Mountain  unit  which  consists  of  argillite,  conglomerate,  and  sandstone.  These 
rocks  underlie  and  are  interbedded  with  early  and  middle  Eocene  volcanic  rocks 
of  the  Crescent  Formation.  The  Crescent  Formation,  named  after  exposures 
around  Lake  Crescent,  consists  of  unmetaraorphosed  and  metamorphosed  tholeiitic 
basalt,  diabase,  volcaniclastic ,  and  associated  sediments.  From  8  miles 
upstream  to  10  miles  downstream  from  the  dam  the  rocks  are  dominantly  basaltic 
lava  flows  striking  west  to  northwest  and  dipping  to  the  south. 

3.01.2  Most  of  the  central  parts  of  the  Olympics  have  been  modified  by  glaci¬ 
ation  with  cirques  at  the  heads  of  deep  U-shaped  main  valleys.  River  valleys 
in  the  southern  Olympics  have  been  repeatedly  glaciated  during  the  Pleistocene 
by  movement  of  ice  outward  from  the  interior  of  the  Olympic  Mountains.  The 
repetitive  glacial  deposition  combined  with  interglacial  stream  erosion  has 
left  complex  valleys  characterized  by  highly  irregular  rock  surfaces  with  mid¬ 
valley  bedrock  knobs  protruding  through  the  present  terraced  valley  configura¬ 
tions.  In  the  Wynoochee  Valley,  three  depositional  stages  significant  to  the 
project  occur  in  the  reservoir  area.  Each  Is  represented  by  terrace  remnants 
composed  of  both  granular  and  clay  materials.  The  lowest  stage  is  represented 
by  deposits  between  elevations  700  and  750  feet,  an  Intermediate  stage  occurs 
between  elevations  750  and  850  feet,  and  an  upper  stage  occurs  between  eleva¬ 
tions  of  900  and  1,000  feet. 

3.02  Tectonic  and  Seismic  Setting. 

3.02.1  The  arcuate  structure  pattern  observed  in  the  Olympics  is  considered 
to  be  related  to  a  subducting  lithospheric  plate  (figure  3-2).  Interaction 
between  the  North  American,  Farallon  (Juan  de  Fuca),  and  Pacific  plates  pro¬ 
duced  the  structural  patterns  of  the  region.  Eastward  dipping  subductlon  of 
the  Juan  de  Fbca  plate  beneath  the  North  American  plate  generated  isoclinal 
folds  and  imbricate  thrusts  in  the  Olympic  Peninsula.  From  the  onset  of  imbri¬ 
cate  thrusting,  the  region  was  dominated  by  northeast-southwest  compression. 
East  or  northeast  high  angle  normal  faults  and  north  to  northwest  oriented 
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fold  axes  and  reverse  faults  formed  in  response  to  this  northeastward  compres¬ 
sion  of  the  crust.  During  Pliocene  to  Holocene  time,  the  regional  stress  sys¬ 
tem  evolved  to  the  present  north-south  compressional  system.  The  present 
regional  stress  field  is  associated  with  the  movement  of  the  North  American 
plate  with  respect  to  the  Pacific  plate  as  defined  by  dextral  slip  on  the  San 
Andreas  and  Queen  Charlotte-Fairweather  fault  systems. 

3.02.2  The  structure  of  the  Olympics  is  characterized  by  a  series  of  major 
structural  blocks  separated  from  each  other  by  major  thrust  and  shear  zones 
(figure  3-1).  The  Calawah  fault  separates  highly  deformed  core  rocks  from 
peripheral  rocks.  Eastward,  the  Calawah  fault  splays  into  several  faults 
separating  slaty  units  of  the  eastern  core  (Tabor  and  Cady,  1978).  West- 
northwest  structural  trends  characterize  most  of  the  northern  peninsula.  The 
concentric  Hurricane  Ridge  fault  separates  rocks  of  contrasting  lithologies  in 
the  north.  The  fault  wraps  around  into  the  southern  Olympic  Mountains  and 
merges  with  the  southern  fault  zone,  a  zone  of  intense  deformations.  Near 
Lake  Quinault  faults  that  bound  the  core  merge  to  form  the  southern  fault  zone. 
Within  the  southern  Olympics  the  only  active  known  fault  is  the  Saddle  Moun¬ 
tain’s  East  fault  (figure  3-1)  located  between  Hood  Canal  and  lake  Cushman 
(Wilson,  et  al.,  1979).  This  fault  lies  within  22  miles  of  the  dam.  It  is  a 
reverse  fault,  1  mile  in  length,  strikes  N26°E  and  dips  75°E.  The  fault 
displaces  Pleistocene  gravels  9  feet  vertically.  last  movement  on  the  Saddle 
Mountains  East  fault  appears  to  have  occurred  about  1,200  years  ago.  The 
Saddle  Mountains  East  and  West  faults  cover  a  distance  of  about  2.5  miles  and 
are  believed  to  be  Holocene  features  developed  within  an  older  northeast 
trending  zone  of  fracturing.  These  faults  may  be  surface  branching  of  a  deeper 
boundary  fault  manifest  in  the  Hood  Canal  lineament. 

3.02.3  A  sparse  earthquake  record  exists  for  the  southern  Olympic  Mountains 
probably  due  to  the  low  population  density,  and  until  recently,  the  lack  of 
instrumentation.  The  limited  historic  seismicity  record  of  the  southern  Olym¬ 
pics  indicates  that  moderate  earthquakes  can  be  expected  while  the  adjacent 
Puget  Lowland  to  the  east  has  experienced  major  earthquakes.  For  the  earth¬ 
quake  analysis  of  Wynoochee  Dam  (in  Design  Memorandum  17)  three  models  of 
possible  seismic  disturbance  are  considered  most  appropriate  to  the  project: 

(a)  a  subcrustal  zone  beneath  the  western  margin  of  the  Puget  Lowland;  (b)  a 
crustal  source  also  in  the  vicinity  of  the  western  margin  of  the  Lowland;  and 
(c)  a  crustal  source  in  the  Quinault  Valley.  Estimated  magnitudes  for  the 
three  models  are  as  follows: 

Model  (a)  is  a  Magnitude  7.5  earthquake,  22  to  37  miles  deep,  with  an  epi¬ 
center  northwest  of  Shelton.  Attenuation  distance  from  the  hypocenter  is 
35  miles. 

Model  (b)  is  a  Magnitude  6.9  earthquake,  26  miles  east  of  the  dam  on  the 
border  of  the  Puget  Lowland  and  is  based  on  a  half  length  (21  miles)  of 
the  largest  possible  causative  normal  fault;  the  Hood  Canal  lineament. 
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Model  (c)  is  a  Magnitude  6.0  earthquake  on  the  Quinault  Valley  fault, 

12  miles  from  the  dam.  The  steep  northwestern  flank  of  Quinault  Ridge  is 
12  miles  long  and  assumed  to  be  the  potentially  active  segment  along  the 
fault.  The  magnitude  is  based  on  less  than  one-half  length  rupture. 

Models  (a)  and  (b)  are  generally  accepted  as  portraying  the  seismic  cli¬ 
mate  presently  understood  for  the  Puget  lowland.  The  surface  rupture 
model  (b)  is  based  on  the  42-mile  length  of  the  gravity  expression  of  the 
structure. 

3.03  Site  Geology. 

3.03.1  In  the  region  of  the  dam,  Wynoochee  Valley  is  a  2-mile-wide  U-shaped, 
glaciated  valley  (known  as  Weatherwax  Basin)  bounded  by  rock  ridges  which  rise 
2,000  feet  above  the  valley  floor  (frontispiece).  The  dam  spans  a  narrow  can¬ 
yon  cut  through  the  high  point  of  a  midvalley  rock  hill  mostly  covered  by  gla¬ 
cial  drift.  The  glacial  sequence  includes  an  upper  sandy  and  locally  silty 
gravel,  a  central  unit  of  varved  silty  clay,  and  a  lower  unit  of  variable  gla¬ 
cial  till  with  lenses  of  sand,  silt,  and  gravel.  The  narrow  basalt  bedrock 
canyon  extends  from  several  hundred  feet  upstream  to  over  800  feet  downstream 
from  the  dam.  Extrusive  igneous  rocks  constitute  most  of  the  bedrock  in  the 
area  and  consist  of  south  dipping  black  to  dark  greenish  gray  basalt  flows. 
Submarine  pillow  basalt  flows  (spilites)  comprise  most  of  the  bedrock  at  the 
site.  The  rock  is  closely  jointed  and  finely  crystalline  with  carbonate  vein- 
lets  and  zones  of  palagonite.  Palagonite  (hydrous  glass)  forms  1-inch  rinds 
on  pillows  and  occurs  in  zones  up  to  1  foot  thick  at  flow  contacts  and  along 
zones  of  internal  shear  in  a  flow.  Most  joint  surfaces  are  coated  with 
unweathered  dark  chlorite.  Thin  clay  and  fine  sandy  interbeds  are  occasion¬ 
ally  present  at  flow  contacts.  Locally,  the  basalt  is  cut  by  dark  gray, 
moderately  jointed  diabase  dike  rock. 

3.03.2  All  of  the  concrete  dam  is  founded  on  bedrock  (figure  3-3).  Basalt 
forms  the  right  abutment,  diabase  forms  the  left,  and  a  contact  zone  between 
the  two  rock  types  occurs  in  the  valley  bottom  beneath  the  dam  (plate  8) . 
Generally,  basalt  occurs  downstream  of  a  diagonal  vertical  plane  extending 
from  the  downstream  end  of  the  spillway  chute  along  a  N20°W  bearing 
through  the  heel  of  monolith  5.  Diabase  is  exposed  in  the  foundations  of 
monoliths  5,  6,  and  7  and  in  all  left  abutment  monolith  foundations.  The 
contact  zone  rock  occurs  with  irregular  near  vertical  boundaries  and  crosses 
the  foundation  along  a  diagonal  zone  ranging  from  1  to  20  feet  wide.  The  zone 
enters  the  dam  area  at  the  downstream  end  of  the  spillway  chute,  enters  the 
dam  foundation  at  the  toe  of  monolith  7,  and  passes  out  of  the  foundation  in 
the  heel  of  monolith  5. 

3.03.3  Bedrock  beneath  the  dam  and  forming  the  canyon  walls  is  characterized 
by  many  discontinuous  randomly  oriented  joints.  On  plate  8  major  joints  are 
labeled  alphabetically  for  location  convenience.  Contraction  (cooling) 
joints,  stress  relief  joints,  and  joints  along  flow  contacts  cause  a  highly 
variable  degree  of  rock  competency.  Flow  contacts  are  irregular,  strike 
northwest,  and  dip  between  30-80°SW.  Stress  relief  joints  with  uneven 
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PRECONSTRUCTION  WYNOOCHEE  CANYON  -  VIEW  UPSTREAM  SHOWING 
WYNOOCHEE  RIVER  CANYON  BEFORE  CONSTRUCTION  OF  WYNOOCHEE 
DAM  (1969) 


FIGURE  3-3 


and  rough  surfaces  dip  toward  the  river  in  both  canyon  walls.  The  right  bank 
basalt  contains  numerous  open,  intersecting  joints  with  chlorite  coatings  and 
pockets  of  brown  and  gray  clay.  The  degree  of  openness  in  individual  joints 
or  flow  contacts  in  the  basalt  ranges  from  rock  surfaces  in  contact  to  a  zone 
3-feet  thick  filled  with  weathered  rock  materials  and  clay.  A  spilitic  basalt 
body  occurs  in  the  toe  area  of  monoliths  1  and  2.  Spilites  are  altered 
basaltic  rocks  that  characteristically  have  a  high  albite  feldspar  content. 
This  body  trends  N35*W  and  dips  55°SW,  and  is  well  defined  with  sharp 
boundaries.  Prior  to  final  foundation  preparation,  the  spilitic  basalt 
contained  open  joints  filled  with  gray  plastic  clay  paralleling  both  margin 
contacts  and  dipping  55*S.  The  left  bank  diabase  foundation  bedrock  exhibits 
numerous  three-dimensional,  intersecting  systems  of  open  joints.  Details  of 
the  joints  are  discussed  in  section  4.  Prior  to  foundation  preparation,  the 
open  joints  in  the  diabase  contained  films  of  damp  to  moist  plastic  clay.  The 
diabase  was  typically  stained  brown  to  depths  of  less  than  0.2  foot.  Basalt 
is  generally  weathered  to  greater  depth  than  the  diabase,  primarily  due  to  the 
more  broken  nature  of  the  basalt  caused  during  rapid  submarine  cooling  during 
deposition.  Before  final  excavation  the  basalt  surface  typically  was 
partially  decomposed  and  weathered  brown.  Locally  weathered  slabs  and  pockets 
of  brown  clay  occurred  to  several  feet  of  depth.  Pockets  and  lenses  of  clay 
are  common  along  open  joints  and  flow  contacts  in  the  project  area. 

3.03.4  Numerous  joints  on  both  abutments  served  as  conduits  for  ground  water 
transmission  during  construction.  Hater  which  was  used  to  moisten  the  mono¬ 
lith  12  foundation  passed  through  a  three-dimensional  network  of  open  joints 
in  the  diabase  and  emerged  along  various  joints  in  the  monolith  8  cut  slope 
above  the  elevation  680  berm.  Water  also  drained  from  the  monolith  7  cut 
slope  just  below  elevation  645  at  123  feet  downstream  from  the  dam  axis. 

Prior  to  sealing  operations  in  the  foundations  of  monoliths  4  and  5,  the  water 
which  ponded  during  rainy  periods  would  drain  after  about  24  hours.  Water 
flowed  from  open  joints  on  the  layback  slope  of  monolith  6.  Six  to  8  hours 
after  the  start  of  rain,  flow  was  first  observed  between  elevations  670  and 
700  feet.  After  24  hours,  seeps  were  observed  at  elevation  650  feet,  though 
not  in  the  dam  foundation. 

3.04  Geology  of  Construction  Materials. 

3.04.1  Satisfactory  materials  of  sufficient  volume  for  concrete  aggregate, 
embankment  construction,  and  for  the  right  abutment  impervious  blanket  were 
located  within  a  reasonable  haul  distance  of  the  project.  Figure  3-4  shows 
the  material  source  locations. 

3.04.2  Concrete  aggregate  was  excavated  from  a  gravel  pit  located  within  the 
boundary  of  the  reservoir  about  2  miles  northeast  of  the  dam  (location  A  on 
figure  3-4).  These  reservoir  gravels  are  mostly  graywacke  and  basalt  rock 
types.  The  Wynoochee  gravels  are  derived  from  an  upstream  area  of  hard  gray¬ 
wacke  and  from  a  middle-reach  belt  of  moderately  altered  basaltic  rocks. 
Pleistocene  stream  gravels  partly  filled  the  valley  and  formed  a  high  terrace 
approximately  300  feet  above  the  present  stream  level.  Subsequently,  the 
stream  cut  down  through  the  valley  fill  to  produce  an  inner  terraced  valley. 
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Gravels  in  the  Pleistocene  valley  fill  tend  to  show  a  weathered  rind  and  are 
commonly  silt  coated.  By  contrast,  the  Holocene  river  gravels  are  both  fresher 
and  cleaner.  Gravels  downstream  from  the  dam  are  dominantly  altered  basalt  and 
those  upstream  are  dominantly  hard  graywacke.  The  concrete  aggregate  gravels 
contained  numerous  wood  fragments  which  led  to  a  contractor  claim  for  excessive 
processing.  The  wood  fragments  were  hand  picked  from  the  aggregate  at  the  feed 
and  discharge  ends  of  the  processing  plant  in  combination  with  a  contractor- 
designed  hydraulic  sluicing  tank.  Wood  fragments  were  reduced  to  negligible 
quantity.  A  total  of  92,780  cubic  yards  (c.y.)  of  concrete  were  placed  during 
construction  of  the  main  dam  and  spillway. 

3.04.3  Sources  B  and  D  on  figure  3-4  provided  gravel  for  the  embankments  with 
source  B  providing  clean  gravel  for  the  embankment  filter  and  source  D  provid¬ 
ing  a  somewhat  more  silty  gravel  (GP-GM)  for  the  semi -impervious  core  and  left 
abutment  slope  treatment. 

3.04.4  Clay  for  the  right  abutment  impervious  blanket  was  borrowed  from  a 
glacio-lacustrine  clay  unit,  location  C,  about  1/4  mile  downstream  from  the 
dam  on  the  right  bank. 

3.04.5  The  riprap  and  rockfill  for  the  embankments  were  obtained  from  a 
quarry  at  location  E.  The  source  is  a  massive  diabase  dike  1.5  miles 
northwest  of  the  dam.  The  dike  is  about  120  feet  thick  and  dips  nearly 
vertical.  Maximum  available  rock  size  is  about  2  feet  cubed.  The  petro¬ 
graphic  analysis  of  the  rock  riprap  is  given  in  appendix  C. 


14 


SECTION  4.  FOUNDATION  EXCAVATION  AND  TREATMENT 


4.01  General . 

4.01.1  Common  Excavation.  Clearing  and  grubbing  for  the  left  and  right  abut¬ 
ments  were  started  in  August  1969.  Common  materials  were  excavated  using 
assorted  types  of  heavy  equipment,  including  scrapers,  dragline,  clamshell, 
whirly  crane,  dozers,  backhoes,  front-end  loaders,  and  track  drills.  Between 
dam  axis  stations  1+55  and  4+46  (lip  of  canyon)  on  the  right  bank,  approxi¬ 
mately  28,000  c.y.  of  common  materials  were  excavated  in  the  foundation  areas 
of  monoliths  1,  2,  3,  4  and  5.  Between  axis  stations  5+58  (lip  of  canyon)  and 
£M)0  on  the  left  bank,  approximately  26,500  c.y.  of  common  materials  covering 
the  foundations  of  monoliths  8,  9,  10,  11,  12,  13  and  14  were  excavated. 
Approximately  160,000  c.y.  of  common  materials  were  excavated  for  placement  of 
both  embankments  and  the  right  bank  cutoff  trench. 

4.01.2  Rock  Excavation.  Rock  excavation  by  drilling  and  blasting  was  required 
for  shaping  the  foundations  to  achieve  design  grades .  Blasting  operations 
included  line  (presplit),  production,  and  cushion  blasts.  Rock  excavation  for 
the  left  bank  monoliths  commenced  in  September  1969  and  project  blasting  con¬ 
tinued  through  February  1971. 

4.02  Blast  Vibration  Monitoring. 

4.02.1  A  Geo  Recon  (later  Slope  Indicator)  model  S-2  blast  monitor  was  used 
by  Government  personnel  to  monitor  blasting  for  excavation  in  the  spillway  and 
right  bank  canyon  wall.  TVo  vibration  detectors  were  placed  on  the  Wynoochee 
River  Bridge  approximately  400  feet  downstream  from  the  blasting.  One  detec¬ 
tor  was  placed  midbridge  on  the  walkway  and  the  other  on  top  of  the  left  bank 
(east  side)  downstream  abutment  pier.  On  27  October  1969,  the  largest  blast, 
a  2,650  pound  shot  was  detonated  in  0  to  10  delays  (250  milliseconds  (ms)  total 
time).  The  footing  experienced  a  peak  particle  velocity  of  slightly  less  than 
0.1  inch  per  second  in  the  transverse  mode  at  24  cycles  per  second  (c.p.s.). 

The  bridge  deck  showed  a  peak  particle  velocity  of  0.15  inch  per  second  in  a 
vertical  mode  at  22  c.p.s.  The  vibrations  recorded  during  this  and  other  shots 
were  below  the  accepted  damage  threshhold  for  normal  concrete  structures. 

4.02.2  The  combination  of  rock  fracture  orientation  and  spacing  on  the  right 
canyon  wall  act  to  decrease  the  tensile  strength  of  the  rock  mass.  In  order 
to  protect  against  rock  mass  instability,  the  initial  blasting  was  monitored 
on  the  right  canyon  wall.  One  detector  was  positioned  on  rock  within  50  feet 
of  each  blast  and  a  second  detector  was  placed  on  the  right  bank  footing  for 
the  Contractor's  temporary  trestle  bridge.  Contract  specifications  had  no 
requirements  to  control  blasting  procedures.  As  a  result  of  blast  monitoring 
in  March  1970,  blast  procedures  were  modified  by  the  Seattle  District  Geology 
Section.  Procedures  are  summarized  as  follows: 
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o 


Production  shots  were  held  to  maximum  of  50  pounds  of  Gelamite  II  per 
delay  with  all  delays  a  minimum  of  25  ms  apart. 


o  Cushion  or  presplit  shots  were  held  to  a  maximum  of  35  pounds  of  Gela¬ 
mite  II  per  delay,  plus  primacord,  with  each  delay  a  minimum  of  25  ms 
apart . 

o  Cushion  portion  of  a  shot  began  a  minimum  of  250  ms  following  detona¬ 
tion  of  the  final  production  delay. 

o  Adequate  relief  was  given  for  each  shot  and  each  delay  within  a  shot. 

Total  rock  excavation  by  blasting  was  35,455  c.y.  between  September  1969  and 
February  1971.  Blasting  events  are  summarized  in  table  4-1.  Plates  9  through 
12  in  appendix  B  show  excavation  details.  The  photographs  in  appendix  A  may 
aid  the  reader  in  visualizing  the  following  foundation  discussions. 

4.03  Right  Bank  Monoliths. 

4.03.1  In  monoliths  1  and  2,  following  initial  stripping  of  the  common  mate¬ 
rial  and  the  weathered,  partly  decomposed  basalt  surface,  the  exposed  rock 
surface  still  contained  weathered  pockets  and  slabs.  Slabs  were  underlain  by 
open  joints  filled  with  brown  plastic  clay  and  similarly,  pockets  of  weathered 
basalt  contained  broken  rock  debris  and  wet  brown  clay.  Additional  ripping 
and  dozing  with  a  D-9  dozer  equipped  with  two  48-inch  shank  rippers  removed 
the  unacceptable  materials  up  to  3  additional  feet  of  depth.  The  spilitic 
basalt  In  the  monolith  toe  areas  contained  a  concentration  of  rock  debris 
averaging  1/2  foot  In  diameter  In  a  soft,  wet,  gray  clay  matrix  (figure  4-2). 
This  material  was  excavated  to  elevation  732  feet  and  backfilled  with  474  c.y. 
of  mass  concrete  to  elevation  745  feet. 

4.03.2  Monoliths  3  and  4  are  founded  on  basalt  bedrock  (figure  4-2).  The 
shape  of  the  foundation  Is  controlled  by  joints  dipping  15°  to  20° 
upstream  (north).  These  joints  daylight  in  local  depressions  and  are  rela¬ 
tively  tight.  After  initial  stripping  of  the  monolith  4  foundation  an  area 
containing  significantly  large  pockets  of  broken  and  weathered  basalt  was  dis¬ 
covered  under  the  heel  area  along  with  hard  glacial  till  over  much  of  the 
foundation  surface.  These  discoveries  occurred  near  the  scheduled  1970  winter 
shut-down  period.  Construction  efforts  were  focused  on  excavating  and  clean¬ 
ing  the  materials  prior  to  shutdown.  Concrete  placement  was  delayed  until  the 
following  spring. 

4.03.3  Monolith  5  is  founded  on  basalt,  a  contact  zone,  and  diabase  as  shown 
on  plate  8.  Detailed  foundation  structures  were  never  mapped. 

4.04  Diversion  Excavation. 

4.04.1  On  11  March  1970,  the  contractor  detonated  the  first  excavation  blast 
along  the  right  canyon  wall,  downstream  from  the  concrete  foundations  In  mono¬ 
lith  6.  This  blast  exposed  the  N-relief  joint  (figure  4-3  and  plates  8  and 
11),  along  with  several  other  open  joints.  Subsequent  blasting  and  excavation 
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progressed  to  approximately  elevation  700  feet  adjacent  to  the  dam  and  to 
elevation  720  feet  near  the  downstream  end.  Daring  the  course  of  the  excava¬ 
tion,  the  slope  became  unstable  arising  from  the  N-relief  joint.  The  N-joint 
contained  springs  and  damp  zones  along  its  trace  as  well  as  a  coating  of  plas¬ 
tic  fines  to  1  inch  thick.  On  30  April  1970,  the  contractor  was  notified  to 
halt  his  excavations  on  the  slope  and  to  allow  core  drilling  exploration. 
Between  4  and  8  May  1970  three  NX  size  core  borings  were  drilled  into  the 
slope  to  establish  the  limits  of  the  N-joint.  Examination  of  the  geologic 
structure  showed  that  the  design  rock  excavation  on  the  right  abutment  was 
stable;  however,  steepening  of  the  rock  slope  to  accommodate  the  contractor's 
diversion  pipe  would  remove  most  of  the  support  for  the  rock  mass  in  the  upper 
slope.  On  19  May  1970,  the  Government  notified  the  contractor  that  unstable 
rock  extending  from  50  to  160  feet  downstream  of  the  dam  axis  should  be  rock 
bolted  on  5-foot  centers  or  should  be  removed.  The  contractor  removed  the 
wedge  of  rock  between  the  diversion  cut  line  and  the  relief  joint.  On 
18  June  1970,  the  contractor  detonated  the  first  cushion  blast  on  the  layback 
diversion  slope.  Three-inch-diameter  line  holes  spaced  on  2-foot  centers  were 
drilled  along  a  new  cutline  to  elevation  640  feet.  During  blast  hole  drilling 
the  contractor  had  trouble  with  bits  sticking  in  weathered  and  broken  rock. 

The  batter  and  alinement  of  some  of  the  line  holes  deviated  from  the  contrac¬ 
tor's  indicated  design  and  in  general  the  bottom  of  the  drill  holes  did  not 
fall  along  the  contractor's  designed  toe  of  slope.  The  main  blasting  along 
the  layback  excavation  slope  was  completed  on  18  September  1970.  The  diver¬ 
sion  pipe  was  completed  on  5  November  1970  after  delays  due  to  high  water. 
River  diversion  through  the  diversion  pipe  was  made  on  5  December  1970  after 
construction  of  the  Z  pile  cofferdam  (plates  9  and  10). 

4.04.2  Solid  core,  1 -inch-diameter  expansion  shell  rock  bolts  were  installed 
in  the  right  abutment  in  the  area  covered  by  monolith  6  concrete.  Bolt 
lengths  range  from  15  to  40  feet  in  length  with  patterns  and  locations  shown 
on  figure  4-3.  A  total  of  2,055  lineal  feet  of  solid  core,  nongroutable  bolts 
were  installed.  Groutable,  1-inch-diameter  expansion  shell  rock  bolts  are 
installed  in  the  slope  downstream  from  the  dam  face.  Bolt  lengths  range  from 
15  to  40  feet  for  a  total  lineal  footage  of  4,405.  No  progressive  opening  of 
major  joints  or  evidence  of  mass  instability  have  been  observed  in  the  exposed 
right  bank  rock  excavation  areas  since  the  bolts  were  installed.  The  rock 
bolts  were  physically  checked  in  1982  and  found  to  have  proper  seating.  The 
bolt  heads  are  monitored  annually  with  a  telescope.  A  shallow  cave  in  the 
right  wall  of  the  canyon  beneath  the  vista  structure  was  filled  with  concrete 
to  reinforce  the  slope  during  dam  construction. 

4.05  Canyon  Monoliths. 

4.05.1  Monolith  6,  the  right  canyon  monolith,  is  founded  on  basalt,  diabase, 
and  the  contact  zone  between  the  two  rock  units.  The  bench  originally  exca¬ 
vated  for  the  diversion  pipe  (figure  4-4)  averages  25  feet  in  width,  and 
136  feet  in  length.  This  bench  provided  the  foundation  for  the  13-foot  diam¬ 
eter  steel  diversion  pipe.  The  monolith  6  bench  surface  is  irregular  with 
frequent  1-foot-high  "steps”  that  face  both  upstream  and  downstream.  As-built 
grades  range  from  elevation  632  to  640  feet  along  the  right  (west)  side  of  the 
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bench  and  from  637  feet  in  the  upstream  area  to  630  feet  on  the  downstream 
left  (east)  side.  The  shaped  right  rock  wall  against  which  the  monolith  was 
placed  is  shown  on  figure  4-3  and  was  excavated  on  0.75  H  to  1  V  between 
elevations  640  and  720  feet.  The  0-joint  is  a  significant  feature  that  is 
exposed  in  both  the  cut  slope  and  bench.  It  strikes  N55°E  and  dips 
70°SE  in  the  cut  slope  and  dips  near  vertical  across  the  bench.  The 
0-joint  is  generally  open  from  1  to  3  feet  with  white  and  gray  mineraliza¬ 
tion  filling  the  cavity.  Several  prominent  joint  systems  in  the  bench  are:  a 
set  trending  N  to  N10oW  with  vertical  dips;  a  set  trending  N55°W,  dip¬ 
ping  10-30°S;  a  set  trending  N55-65°E  with  vertical  dips  paralleling 
the  0-joint;  and  a  set  trending  N25-40°W  with  dips  varying  20-35°S. 

All  joints  in  the  basalt  are  coated  with  chlorite.  This  condition  caused  pro¬ 
gressive  loosening  of  blocks  and  fragments  requiring  constant  washing  and  hand 
picking  just  before  concrete  placement.  During  slope  excavation  on  the  right 
canyon  wall  several  steeply  dipping  joints  were  encountered  which  produced 
unstable  rock  masses.  The  most  troublesome  was  the  N-relief  joint  which 
created  a  large  unstable  rock  wedge  above  the  diversion  pipe  alignment  (see 
paragraph  4.04). 

4.05.2  Monolith  7,  is  located  in  the  center  of  the  canyon  and  is  the  tallest 
monolith.  It  is  founded  on  a  combination  bench  and  cut  slope.  The  bench  is 
approximately  43  feet  wide  and  extends  from  15  feet  upstream  to  140  feet 
downstream  from  the  dam  axis.  The  open  0-joint  shown  on  figures  4-3  and  4-4 
continues  into  the  monolith  bench  foundation  from  monolith  6.  The  open 
L-joint  trends  N55°e,  dips  approximately  vertical  and  occurs  in  the 
downstream  side  of  the  low  flow  conduit  excavation  (figure  4-5  and  plate  12). 
The  T-joint  strikes  N55°w,  dips  35°S  and  is  a  prominent  joint  with 
associated  parallel  open  joints  occurring  above  and  below,  spaced  4  to  6  feet 
apart.  This  area  of  parallel  joints  occurs  under  the  heel  of  the  dam  and 
extends  as  much  as  25  feet  downstream.  The  T-joint  and  parallel  joints 
responded  to  unloading  during  excavation  blasting  in  the  low  flow  conduit 
area.  This  joint  system  is  reinforced  by  two  rows  of  four  each  solid  core 
1-inch-diameter  rock  bolts  varying  in  length  from  15  to  25  feet.  The  bolts 
were  inclined  down  60°  and  aligned  normal  to  the  strike  of  the  T-joint 
(figure  4-5).  The  intersection  of  open  joints  trending  N55°E  and  dipping 
35°NW  with  the  T-joint  system  and  L-joint  produces  blocks  and  slabs  rang¬ 
ing  in  size  from  1  foot  to  about  3  feet.  Four  horizontal  rows  of  1-inch- 
diameter  solid  core  rock  bolts  were  installed  on  10-foot  centers  in  the  area 
covered  by  monolith  7  concrete.  Rock  bolt  lengths  range  from  10  to  25  feet 
with  a  total  installation  of  840  lineal  feet.  When  it  was  evident  that  the 
slope  would  remain  uncovered  for  more  than  8  months ,  this  standard  bolt 
pattern  was  supplemented  with  an  additional  840  lineal  feet  of  ungrouted  bolts 
to  produce  a  5-  by  5-foot  pattern  over  the  wall  surface  adjacent  to  the  low 
flow  conduit.  These  rock  bolts  range  from  10  to  15  feet  in  length  and  are 
located  from  15  feet  upstream  of  the  dam  axis  to  55  feet  downstream  to  control 
progressive  loosening  of  the  N55°e  trending  vertical  joints.  The  addi¬ 
tional  bolts  include  seven  15-foot-long  reset  bolts  along  the  periphery  of  the 
low  flow  conduit  excavation  to  help  prevent  opening  of  the  L-joint  and  the 
N55°e  vertical  set  of  open  joints. 
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4.05.3  Monolith  8,  the  left  canyon  monolith  is  founded  on  a  combination  bench 
and  cut  slope  in  the  diabase  bedrock  (figures  4-6  and  4-7).  The  45-foot-high 
cut  slope  is  variable  and  ranges  from  0.62  H  -  1  V  at  the  dam  axis  to  0.55  H  - 
1  V  about  50  feet  downstream.  A  three  dimensional  system  of  intersecting  open 
joints  occurs  in  the  foundation  and  cut  slope.  The  R-joint  is  a  prominent 
joint  in  the  cut  slope  ranging  in  strike  from  N10°w  to  N55°W  with  dips 
from  35-50°SW.  The  R-joint  is  open  to  ground  water  and  surface  water 
movement.  A  second  prominent  system  strikes  approximately  N55°e  and  dips 
40-50°nw.  Spacing  between  joints  averages  about  1.5  feet.  A  series  of 
discontinuous  and  irregular  joints  striking  N25°e  to  N55°E  and  dipping 
from  vertical  to  60°SE  locally  cause  overhanging  slabs  of  bedrock.  The 
cut  slope  is  reinforced  with  solid  core,  1 -inch-diameter  rock  bolts  on  10-foot 
centers  (figure  4-7).  The  open  J- joint  and  associated  parallel  joints  are 
exposed  in  the  monolith  8  wall  surface  from  50  feet  to  over  150  feet  down¬ 
stream  from  the  dam  axis .  The  joint  zone  strikes  N45°W  and  dips 
10-35°SW  and  ranges  in  thickness  from  1  to  3  inches.  Joint  filling 
consists  of  partly  decomposed  rock  fragments  and  brown,  wet,  stiff,  plastic 
clay  (CL). 

4.05.4  Solid  core,  1-inch-diameter  expansion  shell  rock  bolts  were  installed 
in  the  areas  covered  by  concrete  on  the  left  abutment.  A  total  of  840  lineal 
feet  of  nongroutable  bolts  were  installed  between  elevations  690  and  710  feet 
in  two  rows  of  40-foot-long  bolts  and  one  row  of  30-foot-long  bolts  on  a  10- 
by  10-foot  pattern  as  shown  on  figure  4-7.  Rock  bolts  inclined  down  at 
60°  were  installed  in  the  monolith  8  bench  foundation  at  the  upstream 
end.  The  1 -inch-diameter  solid  core  bolts  are  in  two  rows  of  four  each 
ranging  in  length  from  15  to  25  feet  for  a  total  length  of  170  lineal  feet. 
These  bolts  were  installed  to  control  inflation  of  joints  associated  with  the 
T-joint  system.  The  inflation  response  was  due  to  natural  processes  of 
unloading  which  were  accelerated  by  blasting  in  the  adjacent  low  flow  conduit 
excavation. 

4.05.5  Grouted  1-inch-diameter  rock  bolts  were  installed  on  the  slope  below 
the  downstream  right  side  of  the  spillway  between  elevations  690  and  730  feet. 
Forty-five  rock  bolts  amounting  to  980  lineal  feet  were  installed  in  four 
phases  to  reinforce,  pin,  and  support  the  natural  slope  condition.  Bolts 
range  from  10  to  40  feet  in  length  with  the  20-  and  40-foot  bolts  passing 
through  the  J-joint  into  competent  rock.  Later  vibrations  from  blasting  at 
lower  elevations  opened  joints  in  an  area  below  elevation  730  feet  at  the 
downstream  right  corner  of  the  spillway.  Additional  scaling  from  behind  the 
rock  bolt  plate  at  elevation  723  feet  exposed  a  joint  dipping  35°  toward 
the  river  and  at  lower  elevations  an  8-foot-thick  rock  slab  dipping  70° 
toward  the  river.  Rock  bolts,  20  and  30  feet  in  length,  on  5-foot  centers, 
extend  through  the  slab  into  competent  rock  behind  the  J-joint.  Rock  bolts 
were  installed  on  10-foot  centers  at  elevations  710  and  720  feet  immediately 
downstream  of  the  face  of  the  dam.  These  25-foot-long  bolts  reinforce  the 
natural  slope  along  50°  to  70°  open  joints  which  dip  toward  the 
river.  To  provide  additional  support  for  the  foundation  under  the  right  wall 
of  the  spillway,  additional  rock  bolts  were  installed  between  elevations  660 
and  730  feet. 


4.06  left  Bank  Monoliths. 


4.06.1  Monoliths  9,  10,  and  11  are  entirely  founded  on  diabase  bedrock  (fig¬ 
ure  4-8).  The  continuous  open  J-joint,  described  under  monolith  8,  extends 
across  the  downstream  toe  of  monoliths  9,  10  and  11  and  into  the  monolith  11 
cut  slope.  The  J-joint  was  excavated  from  upstream  areas  in  the  foundations 
for  monoliths  9,  10  and  11  because  the  feature  was  above  the  fixed  design 
grade.  A  three  dimensional  interconnected  system  of  open  joints  forms  blocks 
and  slabs  of  rock  in  the  monolith  10  foundation.  A  prominent  set  of  open 
joints  ranges  from  N55°E  to  N65°E  with  dips  from  vertical  to  50°SE 
and  occasional  50°NW  dips.  A  N  to  N10°W  set  with  20-45°E  dips 
produces  a  pronounced  vertical  relief  averaging  about  1  foot  high. 

4.06.2  The  monolith  11  foundation  is  a  combination  bench  (figure  4-8)  and 
cutslope  (figure  4-9).  Extensions  of  joint  systems  in  the  monolith  8  cut 
slope  and  monoliths  9  and  10  foundations  produce  a  network  of  intersecting 
joints  in  monolith  11.  The  J-joint  varies  in  dip  from  15-35°SW  (down¬ 
stream)  and  averages  about  25°  in  the  cut  slope  face.  A  N50°W  set 
paralleling,  but  not  directly  adjacent  to  the  J-zone  dips  from  20° 
downstream  to  50°  upstream.  Surfaces  of  the  J-joint  and  joints  striking 
N50°w  contained  discontinuous  films  and  pockets  of  brown,  stiff,  wet,  clay 
(CL)  before  removal.  Another  prominent  set,  with  tight  planes  in  rock  to  rock 
contact,  strike  N65°E  and  dip  from  vertical  to  50°NW.  The  20°  to 
50°  upstream  and  downstream  dipping  joints  responded  to  blasting  by 
loosening  below  grade  and  required  removal  during  foundation  preparation. 
IVenty-five  number  11  "J"  bars  were  set  10  feet  deep,  each  with  4-foot 
stick-up  above  the  rock  surface.  The  bars  are  spaced  on  5-foot  centers  and 
four  rows  of  bars  continue  under  the  grouting  gallery  area  from  monoliths  9 
and  10. 

4.06.3  Production  blasting  was  used  for  foundation  rock  excavation  in  mono¬ 
liths  9,  10,  and  11.  Three-inch-diameter  blast  holes  were  drilled  on  4-  by  4- 
and  5-  by  5-foot  staggered  and  parallel  patterns  depending  on  depth  of  cuts. 
Holes  were  loaded  with  45  percent  Gelamite  II  powder  in  2  by  16  (2.09  lbs. 
each)  sticks.  Four  to  five  sticks  were  column  loaded  in  each  hole  with  stem¬ 
ming  and  a  7-  to  10-foot  collar.  Dynamite  ranged  from  150  to  900  pounds  per 
blast  with  most  shots  400  to  500  pounds.  Powder  factors  ranged  from  0.25  to 
0.55  for  all  major  blasts  in  the  monolith  foundations.  From  six  to  twelve 
delays  with  25  to  80  millisecond  intervals  were  used  in  parallel  patterns  to 
relieve  .blast  forces  aw«y  from  final  surfaces . 

4.06.4  Overdrilled  blast  holes  occur  in  the  final  foundation  surfaces  of 
monoliths  10  and  11.  Radial  cracks  surround  a  number  of  holes  indicating  the 
holes  were  loaded  and  detonated  below  grade.  Locations  of  these  holes  are 
shown  on  figure  4-8.  In  monolith  10,  the  10-35°SW  dipping  joints 
paralleling  the  J-joint  and  the  N  to  N10°E  joint  set  with  dips  20-45°E 
Inflated  due  to  blast  forces  below  grade.  The  inflation  led  to  overexcavation 
of  foundation  rock.  In  monolith  11,  the  20°  to  50°  upstream  dipping 
joints  and  20°  to  35°  downstream  dipping  joints  responded  to  blasting 
by  loosening  below  grade  and  required  removal  during  foundation  preparation. 
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Twenty-five  number  11  "J"  bars  were  set  10  feet  deep  with  4  feet  "stick-up” 
above  the  rock  surface.  The  bars  are  spaced  on  5-foot  centers  and  a  continua¬ 
tion  of  four  rows  of  bars  under  the  grouting  gallery  extended  into  monoliths  9 
and  10. 


4.06.5  Monoliths  12,  13,  and  14  are  founded  on  the  diabase  bedrock  (figure 
4-10).  The  open  three-dimensional  intersecting  joint  system  exposed  in  the 
left  cut  slope  of  monolith  11  extends  into  the  monolith  12  foundation.  The 
N50*W  trending  set  of  joints  which  dip  20°  to  35°  upstream  were  coated  with 
medium  to  very  stiff,  brown,  moist,  plastic  clay  (CL).  The  N65*E  set  dipping 
from  vertical  to  the  north  are  open  in  monolith  12  and  contained  moist, 
plastic  clay  before  removal.  The  third  set  strike  N50*W  and  dip  20°  to  50s 
downstream.  Intersection  of  these  joints  along  the  monolith  11-12  joint  line 
resulted  in  considerable  foundation  preparation  effort.  The  open  joints 
dipping  toward  monolith  11  daylight  in  the  cut  slope.  In  particular,  the 
N65*E,  50*NW  set  caused  the  most  difficulty.  Five  number  11  dowels  5  feet 
7  inches  long  were  grouted  full  depth  into  the  foundation,  7  feet  upstream  of 
the  dam  axis  between  stations  7+49  and  7+65.  The  dowels  were  installed 
through  a  tight  surface  slab  with  30a  upstream  dip  and  through  at  least  one 
lower  plane.  A  row  of  eight  number  11  "J"  bars  17  feet  long  were  grouted 
15  feet  into  the  foundation,  15  feet  downstream  from  the  axis  between  stations 
7+45  and  7+80.  The  vertically  installed  bars  penetrate  a  clay  coated 
succession  of  joints  dipping  20*  to  35*  upstream.  The  N50*W  joint  set  that 
dips  20*  to  35*  upstream  continues  to  station  8+20  in  monolith  13.  Removal  of 
some  of  these  tight  slabs  during  foundation  preparation  did  not  improve  the 
condition  of  the  foundation.  Therefore,  two  rows  of  four  each,  number  11 
dowels,  8.5  feet  long,  were  grouted  vertical  for  full  depth  into  the 
foundation.  Installed  on  5-foot  centers  between  stations  7+90  and  8+05,  one 
row  is  3  feet  upstream  and  the  other  is  2  feet  downstream  from  the  dam  axis. 
The  most  prominent  features  visible  in  monolith  13,  between  stations  8+20  and 
8+33,  are  N50*E  to  N65”E  trending,  near  vertical  dipping  white  mineral  seams. 
These  seams  caused  no  problems  during  foundation  preparation.  The  west  half 
of  monolith  14  foundation  contains  no  open  joints  except  for  a  15*  downstream 
dipping  joint  with  E-W  strike.  Open  joints  in  the  east  half  exhibit  a  two 
dimensional  intersecting  system  with  E-W  and  N-S  strikes.  The  E-W  set  dip 
from  20*  to  40*S  and  the  N-S  set  dips  from  60*E  to  vertical.  The  continuous 
open  P-joint  crosses  the  foundation  diagonally  trending  E-W  with  dips  ranging 
20-45 *S.  Paralleling  open  joints  contained  clay  (CL)  which  was  removed  prior 
to  concrete  placement. 

4.06.6  In  portions  of  monoliths  12,  13  and  14,  concrete  beneath  the  down¬ 
stream  gutter  of  the  drainage  and  grouting  gallery  is  a  minimum  of  3.5  feet 
thick.  Design  specifications  stated  there  would  be  a  5-foot  minimum;  however, 
due  to  the  nature  of  the  wedges  involved,  a  3.5-foot  minimum  was  allowed  for 
about  8  feet  in  monolith  12;  32  feet  in  monolith  13;  and  35  feet  in  mono¬ 
lith  14.  Minor  jackhammering  was  used  to  remove  projections  of  the  rock  sur¬ 
face  extending  inside  the  3.5-foot  clearance  minimum. 
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4.07 


4.07.1  Presplitting  was  accomplished  before  any  production  blasting.  On 
3  October  1969,  the  contractor  presplit  the  left  and  right  sides  of  the  spill¬ 
way.  Total  charge  of  this  shot  was  800  pounds.  The  3-inch-diameter  line 
(presplit)  holes  were  drilled  on  2-foot  centers  and  loaded  with  Hercosplit 
WR  7/8-  by  24-inch,  25  percent  powder  and  primacord.  Considerable  damage 
occurred  outside  the  excavation  limits  from  the  3  October  shot  indicating  that 
the  shot  was  overloaded.  Overbreak  occurred  along  the  top  left  wall  area  and 
a  ridge  of  rock  along  the  right  wall  area  broke  out  along  an  open  joint  struc¬ 
ture.  On  the  left  wall  the  shot  vented  through  the  foundation,  rather  than 
forming  a  face.  At  the  extreme  downstream  end  of  the  spillway  chute,  venting 
followed  joints  up  to  7  feet  away  from  the  planned  face.  In  the  area  where 
the  spillway  excavation  is  closest  to  the  service  road  the  shot  vented  through 
the  roadway.  On  the  riverward  (right)  side  of  the  spillway,  part  of  the  rock 
rib  that  was  supposed  to  stand  between  the  spillway  and  canyon  apparently 
shifted  1  to  2  feet  riverward.  Several  joints  dipping  50*  to  60°  toward  the 
river  were  exposed.  Original  design  called  for  using  the  rib  of  rock  as 
lateral  support  for  the  right  spillway  wall.  Successive  blasting  caused 
further  loosening  of  the  rib  and  the  rib  was  finally  removed  with  a  D-9  dozer 
with  ripper  necessitating  design  of  a  free  standing  right  spillway  wall.  Pro¬ 
duction  (fragmentation)  blasts  consisted  of  3-inch-diameter  holes  on  4-  by 
4-foot  and  5-  by  7-foot  parallel  patterns.  Holes  were  loaded  with  1-1/2  to 
2  sticks  of  Gelamite  II  dynamite  in  2  by  16  stick  size.  Parallel  and  chevron 
delay  sequences  were  used  to  relieve  blast  forces  upstream  and  downstream. 
Dynamite  ranged  from  400  to  2,650  pounds  per  blast  and  6  to  12  delays  were 
used  with  25  to  40  millisecond  intervals.  Cushion  blasting  was  not  used  in 
the  spillway. 

4.07.2  The  H-joint  occurs  in  the  left  spillway  wall  and  J-joint  occurs  in  the 
spillway  chute  foundation.  The  spillway  foundation  was  never  mapped  by  a  geol¬ 
ogist.  The  H-joint  strikes  N15*W,  dips  downstream  15*  to  25*  and  is  open  from 
0.1  to  1.0  foot.  The  H-joint  daylights  at  the  downstream  end  of  the  chute. 

The  J-joint  is  exposed  in  the  cut  slope  below  the  right  wall  and  extends  from 
the  downstream  end  of  the  monolith  9  foundation  to  under  the  spillway 
structure.  The  joint  zone  strikes  N45*W,  dips  15*-35*SW  and  ranges  in 
thickness  from  0.5  to  3.0  feet.  A  three  dimensional  interconnected  system  of 
joints  forms  irregular  blocks  and  slabs  in  the  foundation.  One  set  crosses 
diagonally  trending  N60*E  with  dips  ranging  from  45*  to  70*SE.  Another  set 
strikes  N60*E  and  dips  45*  to  50*  toward  the  river.  One  joint  striking  N60*W 
and  dipping  10*E  intersects  the  J-joint  and  forms  a  large  rock  wedge  in  the 
right  wall  area.  This  wedge  is  keyed  against  the  J-joint  and  presents  no 
stability  problem.  Also  a  system  of  joints  trending  N10*W  to  N50*W  dip 
20*-30*SW.  A  system  of  white  mineral  filled  joints  in  the  left  wall  strike 
N60*E  and  dip  from  vertical  to  70*NW.  Joint  spacing  averages  about  1  foot 
apart . 

4.08  Concrete  on  Rock  Foundations.  Laboratory  testing  was  not  performed  on 
the  foundation  rock.  It  was  assumed  that  the  compressive  strength  of  the 
confined  rock  at  the  base  of  the  dam  would  not  be  greatly  affected  by  joints 
and,  therefore,  would  be  equal  or  greater  than  the  compressive  strength  of  the 
mass  concrete  in  the  dam.  A  conservative  shear  strength  of  500  p.s.i.  was 
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assumed  for  the  foundation  rock.  The  design  shear  strength  of  the  mass 
concrete  was  500  p.s.i.  and  the  shear  strength  between  the  rock  and  concrete 
was  assumed  to  be  500  p.s.i.  (Corps  of  Engineers,  OHIO,  1967).  Contract 
specifications  required  concrete  to  be  placed  on  clean  rock  surfaces,  free 
from  oil,  standing  or  running  water,  ice,  mud,  drummy  rock,  coating,  debris 
and  loose,  semidetached  or  unsound  fragments.  To  comply  with  specifi¬ 
cations,  all  faults  or  seams  were  cleaned  to  a  satisfactory  depth  and  to  firm 
rock  on  the  sides.  Foundation  preparation  and  cleanup  were  accomplished  by 
jetting  with  high  pressure  air  and  water  to  remove  loose  surface  debris.  Clay 
seams,  scale  and  deteriorated  mineral  coatings  were  removed  by  such  methods  as 
sandblasting,  hand  wire  brushing  and  dental  excavation  with  pick  and  shovel. 
Despite  suggestions  that  the  contractor  use  a  sandblasting  machine  he  relied 
heavily  on  wire  brushing  methods  for  some  of  the  leveling  placement  founda¬ 
tions,  especially  in  monolith  12.  All  rock  surfaces  were  kept  continuously 
wet  for  at  least  24  hours  immediately  prior  to  concrete  placing.  Horizontal 
rock  surfaces  were  covered  (broomed)  with  a  layer  of  mortar,  immediately 
before  the  concrete  was  placed.  Several  scheduled  concrete  placements  were 
delayed  or  rescheduled  because  of  unacceptable  preparation  of  the  final  foun¬ 
dation  surfaces. 

4.09  Right  and  Left  Embankment  Foundations. 

4.09.1  By  April  1970,  all  common  excavation  of  foundations  for  the  left  and 
right  embankments  and  for  the  upstream  right  bank  cutoff  trench  was  complete. 
These  foundations  were  never  mapped;  however,  they  were  photographed  and 
selected  photographs  are  in  appendix  A.  Foundation  materials  discussed  in  the 
text  and  shown  on  plates  13  and  14  are  interpreted  from  construction  photo¬ 
graphs,  preconstruction  drill  boring  logs,  and  logs  of  exploration  pits  in  the 
area. 


4.09.2  The  left  embankment  is  founded  on  granular  materials  consisting  of 
discontinuous  beds  and  lenses  of  sandy  gravel,  medium  to  gravelly  sand,  and 
silty  sandy  gravel.  The  semi-impervious  core  of  the  embankment  is  keyed  into 
diabase  bedrock  between  the  concrete  section  of  the  dam  and  400  feet  to  the 
east  as  shown  on  plate  13.  Approximately  450  to  650  feet  east  of  monolith  14 
the  embankaient  core  is  keyed  into  lean  blue-green  sandy  clay. 

4.09.3  The  right  embankment  is  founded  on  granular  materials  similar  to  that 
in  the  left  embankment  foundation .  The  semi-impervious  core  of  the  right 
embankment  is  keyed  to  basaltic  bedrock.  From  dam  axis  station  1+00,  a  cutoff 
core  trench  extends  upstream  at  a  right  angle  to  follow  the  reservoir  shore¬ 
line  for  approximately  1,000  feet.  The  trench,  shown  on  plate  13,  varies  in 
depth  from  5  feet  at  its  northern  end  to  over  20  feet  at  station  6+00  (control 
line  A).  On  control  line  A  from  station  0+80  to  4+75,  the  trench  is  keyed  to 
hard  glacial  till  composed  of  clayey  gravel.  From  station  4+40  to  7+00,  the 
trench  is  keyed  to  stiff  lean  clay.  From  station  7+00  to  10+00,  the  trench  is 
keyed  to  granular  sediments  deposited  as  discontinuous  beds  of  silty  sandy 
cobble  gravel  and  gravelly  sand.  Sides  of  the  cutoff  trench  between  stations 
0+80  and  10+00  are  composed  of  granular  materials.  The  clay  core  for  the 
upstream  right  bank  cutoff  trench  was  placed  in  June  and  July  1970.  In  July 
1971,  the  impervious  right  abutment  blanket  was  placed  and  joined  to  the  core 
in  the  cutoff  trench. 
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FIGURE  4-1 
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LEGEND  FOR  FIGURES  4-2  THROUGH  4-10 

Trace  of  dipping  joint  with  angle  and  direction  of  dip. 
Trace  of  vertical  joint. 

Dipping  contact  between  rock  units  with  angle  and  direction 
of  dip. 

Trace  of  open  joint. 

Trace  of  joint  with  slickensides. 

Open  zone  with  weathering  and  plastic  fines. 

Foundation  rock  unit  B-Basalt,  C-Chilled  Zone,  D-Diabase. 
Major  joint,  designated  by  circled  alphabet  letter. 

Seepage  with  quantity  of  water  estimated  in  g.p.m. 

Ungrouted  rock  bolt  and  length  in  feet. 

Grouted  rock  bolt  and  length  in  feet. 

Drain  hole  and  length  in  feet. 
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GEOLOGIC  PLAN  -  MONOLITH  6  (BENCH  SECTION) 
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GEOLOGICAL  SECTION-MONOLITH  7  WALL  SURFACE 
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GEOLOGICAL  PLAN  -MONOLITH  8  EL. 680  BERM 
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GEOLOGICAL  SECTION-MONOLITH  I  I  WALL  SURFACE 
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SECTION  5.  FOUNDATION  DRAINAGE  AND  GROUTING 


5.01  Grouting. 

5.01.1  Foundation  grouting  was  performed  under  the  main  construction  con¬ 
tract.  All  drilling  and  grouting  were  performed  by  Continental  Drilling  Com¬ 
pany,  a  subcontractor  to  Dravo  Corporation.  The  grout  curtain  extends  the 
full  length  of  the  concrete  structure  and  Is  composed  of  two  zones:  a  second¬ 
ary  zone  varying  from  40  to  90  feet  in  rock  and  a  primary  zone  generally 
25  feet  in  rock  (plate  15).  Grout  holes  were  Inclined  15°  upstream  from 
vertical  except  in  monolith  5,  between  stations  4+28  and  4+46,  the  holes  are 
inclined  only  2°.  in  monoliths  6  and  7  the  upstream  batter  of  the  grout 
holes  was  gradually  varied  between  2°  and  15°  to  form  a  continuous 
warped  grout  curtain.  Combined  drilling  footages  through  rock  and  concrete 
are  listed  in  table  5-1. 

5.01.2  Drilling  and  grouting  were  done  using  the  split  spacing,  stage  grout¬ 
ing  method.  Stage  grouting  involves  the  placement  of  the  grout  curtain  by 
drilling  and  grouting  in  successive  operations.  A  complete  cycle  consists  of 
drilling,  washing,  pressure  testing  and  grouting  of  any  portion  of  a  hole 
within  a  given  zone.  All  grouted  primary  holes  are  located  on  10-foot  centers 
to  the  bottom  of  the  first  zone  and  secondary  holes  are  spaced  midway  between 
two  grouted  primary  holes.  Prior  to  starting  the  deeper  second  area  zone,  all 
primary  holes  within  100  feet  were  grouted.  After  the  grout  holes  were 
drilled  to  the  final  predetermined  depths  the  holes  were  washed,  pressure 
tested,  and  grouted.  During  the  grouting  operation  grout  was  injected  at 
80  p.s.i.,  allowed  to  remain  in  the  holes  until  initial  set,  and  then  removed 
by  washing.  Grout  holes,  as  necessary,  were  backfilled  with  a  1:1  neat  cement 
grout,  nipples  were  removed  and  nipple  holes  were  dry  packed.  Grout  takes  per 
monolith  are  summarized  in  table  5-2.  Plan  and  profile  of  grout  holes  and 
grout  takes  for  each  hole  are  indicated  on  plate  15. 

5.02  Drainage . 

5.02.1  One  segmented  drainage  curtain  is  used  to  intercept  seepage  and 
relieve  possible  hydraulic  pressures  downstream  from  the  grout  curtain.  Drain 
holes  are  2-1/2  inches  in  diameter  and  are  drilled  in  two  vertical  planes 
parallel  to  the  dam  axis.  The  upstream  plane  of  holes  occurs  6.5  feet  down¬ 
stream  of  the  dam  axis  in  monoliths  1  through  5  and  monoliths  8  through  14. 
Hole  collars  for  the  downstream  plane  are  12.5  feet  downstream  of  the  axis  in 
monolith  6  at  elevations  686  and  677  feet  and  in  monolith  7  at  elevations  667 
and  641  feet.  A  profile  of  drain  holes  is  shown  on  plate  16. 

5.02.2  Total  leakage  from  foundation  drains  and  monolith  joint  and  face 
drains  is  measured  by  weirs  placed  in  the  gallery  gutters  as  shown  on 
figure  5-1.  Drains  that  show  appreciable  flow,  1  gallon  per  minute  or 
greater,  are  measured  independently  of  the  weir  measurements.  The  reservoir 
initially  was  raised  in  spring  1973.  On  20  June  1973,  total  leakage  flow  was 
18.4  g.p.m.  (see  table  5-3).  The  reservoir  was  at  elevation  795.2  feet 
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TABLE  5-1 


GROUT  HOLE  FOOTAGE  OF  ROCK  AM)  CONCRETE 
DRILLED  FOR  MONOLITH 


Mono  Secondary  (ft)  Primary  (ft)  Total  (ft) 


1 

355 

170 

525 

2 

285 

165 

450 

3 

235 

190 

425 

4 

240 

170 

410 

5 

710 

135 

845 

6 

735 

* 

735 

7 

3,054 

* 

3,065 

8 

22  5 

* 

225 

9 

410 

150 

560 

10 

200 

120 

320 

11 

285 

165 

450 

12 

267 

171 

438 

13 

210 

130 

340 

14 

307 

107 

414 

7,529 

1,673 

9,202 

TABLE 

5-2 

GROUT  TAKE  IN  SACKS  OF 

CEMENT  PER  MONOLITH 

Secondary 

Primary 

Total 

Mono 

(Sacks) 

(Sacks) 

( Sacks ) 

1 

1.25 

2.00 

3.25 

2 

1.50 

36.00 

37.50 

3 

1.25 

1.00 

2.25 

4 

1.25 

2.50 

3.75 

5 

26.25 

4.75 

31.00 

6 

10.00 

* 

10.00 

7 

149.50 

* 

149.50 

8 

53.25 

* 

53.25 

9 

7.25 

1.50 

8.75 

10 

21.75 

6.75 

28.50 

11 

0.75 

2.75 

3.50 

12 

36.00 

4.50 

40.50 

13 

30.25 

4.75 

35.00 

14 

43.75 

0.25 

44.00 

Total 

379.75 

66.75 

446.50 

*No  primary  zone. 

See  plate  15  for  grout  holes  section. 
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TABLE  5-3 


DAM  DRAINAGE 


Total  Leakage 

Reservoir 

Date 

Weirs  5,  6,  12,  13  (gpo) 

Elevation  (ft) 

June  1973 

18.4 

795.2 

June  1974 

20.5 

800.0 

June  1975 

19.5 

795.5 

June  1976 

18.0 

799.3 

June  1977 

14.8 

799.7 

June  1978 

12.9 

795.7 

June  1979 

21.2 

788.5 

June  1980 

14.3 

791.3 

June  1981 

30.4 

795.3 

June  1982 

18.0 

796.2 

June  1983 

20.4 

797.1 

June  1984 

25.7 

798.9 

June  1985 

34.2 

799.2 

June  1986 

46.8 

796.9 

June  1987 

43.5 

799.9 

NOTE:  Total  drainage  into  the  dam  includes  leakage  through  foundation  drains 
and  monolith  face  and  joint  drains. 


(4.8  feet  below  maximum  pool).  Maximum  flows  ranged  between  1  and  2.5  gallons 
per  minute  in  the  lower  gallery  drains  in  monoliths  6  and  7.  Negligible  to 
minor  seepage  occurred  in  all  other  foundation  drains  during  the  pool  taise 
and  during  the  following  reservoir  drawdown.  In  June  1977,  total  leakage 
decreased  to  14.8  g.p.m.  This  decrease  in  leakage  was  believed  to  be  caused 
by  a  buildup  of  calcareous  deposits  within  the  drain  holes.  In  January  1978 
the  drains  were  first  cleaned  by  project  personnel  using  an  air  pressure  cen¬ 
trifugal  type  drill.  This  drill  enlarged  the  diameter  of  the  borings  and  sub¬ 
sequently  disturbed  the  walls  of  the  boring  causing  the  brittle  bedrock  to 
fracture  and  cave  to  compound  the  cleaning  effort.  Since  initial  cleaning, 
surface  hole  packers  have  been  installed  in  all  holes  to  preclude  debris  wash¬ 
ing  into  the  holes.  Project  personnel  annually  remove  the  packers  and  sound 
the  hole  for  obstructions.  When  a  drain  hole  is  blocked,  it  is  cleaned  out  to 
full  depth  using  an  air-powered  noncentrifugal  type  cleaning  tool.  All  foun¬ 
dation  drain  holes  appear  to  function  as  designed.  The  increased  total 
leakage  beginning  in  1985  is  apparently  due  to  failure  of  monolith  joint 
waterstops  at  elevations  above  minimum  pool  elevation. 


SECTION  6.  INSTRUMENTATION 


6.01  General.  Instrumentation  has  been  placed  in  Wynoochee  Dam  and  in  the 
abutments  to  measure  structural  behavior,  insure  safety,  determine  displace¬ 
ments,  seepage,  check  design  assumptions,  check  theoretical  computations,  and 
to  obtain  information  for  the  design  of  future  projects.  The  instrumentation 
includes  measurement  of  uplift  pressure,  joint  and  crack  movement,  internal 
drainage,  abutment  seepage,  and  structural  response  to  earthquake  activity. 

The  instruments  are  read  by  project  personnel  and  the  data  are  reduced  and 
reviewed  by  Seattle  District. 

6.02  Foundation  Instrumentation. 

6.02.1  Uplift  pressure  cells  are  located  under  three  monoliths:  monolith  4, 
monolith  7,  and  monolith  10  (plates  8  and  12  in  appendix  B).  Gradually 
increasing  uplift  pressures  were  noted  prior  to  the  1978  periodic  inspection 
due  to  calcification  of  the  foundation  drain  holes.  From  June  1975  to  June 
1976,  uplift  pressure  cells  7-4  and  7-8  indicated  steadily  increasing  uplift 
pressures  in  the  foundation.  In  June  1975,  cell  pressures  averaged  5.8  p.s.i. 
with  pool  at  elevation  795.5  feet.  In  June  1976,  the  cell  pressure  averaged 
10.6  p.s.i.  with  pool  at  799.4  feet  and  in  June  1977,  cell  7-8  averaged 
11.8  p.s.i.  with  pool  at  799.4  feet.  The  uplift  pressure  in  cell  7-8 
approached  the  design  hydraulic  gradient  before  the  drain  hole  cleaning.  This 
pressure  increase  is  a  result  of  the  decrease  in  drainage.  After  the  founda¬ 
tion  drains  were  cleaned  in  early  1978  the  uplift  pressures  decreased.  During 
the  1973  and  1974  periodic  inspections,  uplift  pressure  gradients  downstream 
of  the  grout  curtain  were  within  design  assumptions.  Several  of  the  upstream 
cells,  however,  were  above  design  assumptions,  but  the  total  effect  of  actual 
uplift  was  below  the  maximum  assumed  in  design.  The  uplift  pressures  assume  a 
drain  effectiveness  of  33  percent  at  the  foundation  plane  for  the  canyon  mono¬ 
liths  (Corps  of  Ehgineers,  DM  10,  1967). 

6.02.2  Since  construction  of  the  dam,  relative  movement  joint  indicators  have 
been  installed  across  joints  in  the  canyon  monoliths.  The  instruments  are 
manually  read  with  a  feeler  gauge  by  various  people.  Movement  patterns  are 
erratic  which  may  be  because  these  types  of  instruments  are  difficult  to  read 
consistently.  An  automatic  joint  meter  system  is  planned. 

6.02.3  Drainage  inflow  from  foundation  drains,  and  monolith  joint  and  face 
drains  is  measured  by  weirs  in  the  drainage  galleries.  Locations  of  weirs  are 
shown  in  figure  5-1. 

6.02.4  In  October  1985,  eight  rebar  type  survey  monuments  were  placed  atop 
the  left  and  right  embankments  to  observe  settlement.  Monument  locations  are 
shown  on  plate  13.  The  monuments  were  originally  surveyed  in  October  1985. 
Table  6-1  gives  the  original  survey  elevation  for  each  settlement  monument. 
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TABLE  6-1 


ORIGINAL  SURVEY  ELEVATIONS  FOR  EMBANKMENT  SETTLEMENT  MONUMENTS 


Point  No. 

Original  Elevation 

SM-1 

804.386 

SM-2 

804.286 

SM-3 

804.267 

SM-4 

804.586 

SM-5 

804.528 

SM-6 

804.422 

SM-7 

804.517 

SM-8 

804.400 

6.03  Abutment  Leakage.  Abutment  leakage  and  downstream  spring  discharges  are 
monitored  by  measurements  in  weirs,  piezometers,  and  staff  gages  shown  on 
plate  17.  Left  abutment  leakage  is  monitored  by  weir  box  5  located  on  the 
canyon  lip  just  downstream  from  the  spillway  chute.  Discharge  from  springs 
immediately  downstream  of  monolith  13  flows  into  the  spillway  service  road 
ditch,  through  a  culvert  under  the  service  road,  and  into  weir  box  5.  Until 
1982,  staff  gage  No.  3  located  in  the  service  road  ditch  served  in  place  of 
weir  box  5.  Right  abutment  leakage  is  monitored  by  weir  box  4,  formerly  staff 
gage  No.  4,  and  is  located  in  the  ditch  adjacent  to  the  monolith  5  adit  access 
walkway.  Downstream  spring  discharges  are  monitored  by  measurements  in  man¬ 
hole  6,  weir  3,  and  staff  gage  2.  Staff  gage  1  has  not  been  monitored  since 
the  late  1970's.  Eighteen  piezometers  have  been  installed  to  monitor  ground 
water  around  the  dam  abutments.  In  addition,  11  piezometers  were  installed 
through  the  core  of  the  left  and  right  embankments  in  March  1987. 

6.04  Earthquake  Instrumentation.  Strong  motion  accelerographs  record  data 
for  analysis  in  determining  the  seismic  response  of  dams.  In  1973  and  1974, 
three  Kinemetrics  SMA-1  strong  motion  accelerographs  were  installed  at  Wynoo- 
chee  lake  Project  as  required  by  Corps  of  Engineers  Engineering  Regulation 
ER-1110- 2-103.  One  free  field  motion  accelerograph  is  founded  on  bedrock 
approximately  600  feet  downstream  from  the  dam  atop  the  left  canyon  wall 
(plate  17).  This  unit  is  sensitive  to  3/8  centimeter  (cm)  per  g-force  and  is 
triggered  by  either  horizontal  or  vertical  components  of  the  Initial  earth¬ 
quake  ground  motion.  Two  strong  motion  accelerographs  are  located  in  mono¬ 
lith  7.  One  unit,  located  on  the  monolith  7  centerline  in  the  upper  service 
gallery  at  elevation  790.5  feet,  is  sensitive  to  1.9  cm  per  g-force  and  is 
triggered  by  the  horizontal  component  of  earthquake  ground  motion.  The  other 
unit,  located  in  monolith  7  drainage  and  grouting  gallery  valve  room  passage 
at  elevation  640.9  feet,  is  sensitive  to  1.9  cm  per  g-force  and  Is  triggered 
by  the  vertical  ground  motion  component.  The  accelerographs  only  record  dur¬ 
ing  a  seismic  disturbance .  The  SMA-1  accelerograph  is  actuated  automatically 
by  an  earthquake,  records  the  earthquake  motion  in  three  axes  (x,  y,  z)  on 
70  millimeter  (mm)  photographic  film,  and  automatically  stops  and  resets 
Itself  when  the  seismic  trigger  ceases  detection  of  the  motion. 


SECTION  7.  SUMMARY 


No  serious  foundation  problems  relating  to  foundation  stability  were  antici¬ 
pated  prior  to,  or  developed  during,  construction.  Only  minor  structural 
defects  were  found  in  the  foundation  which  were  readily  corrected  through 
standard  bedrock  foundation  preparation  and  reinforcement  techniques.  Grout 
injection  and  drain  hole  seepage  indicate  that  the  foundation  is  generally 
tight.  In  general,  the  foundation  of  the  dam  is  excellent.  The  lack  of 
control  over  contractor  blasting  procedures  resulted  in  extra  excavation  in 
some  cases  and  redesign  of  project  elements  in  others.  As  a  result  of  the 
Wynoochee  experience,  the  Seattle  District  has  established  contract  specifica¬ 
tions  which  require  Corps  approval  on  general  and  specific  blast  plans  and 
where  necessary,  establish  vibration  control  limits.  Abutment  and  embankment 
seepage  will  be  monitored  for  the  life  of  the  project  under  the  dam  safety 
program. 
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APPENDIX  A 


CONSTRUCTION  PHOTOGRAPHS 
TABLE  OF  CONTENTS 


Right  Bank  Cutoff  Core  Trench 
Foundations  -  Right  Abutment  Monoliths 
Foundations  -  Canyon  Monoliths 
Foundation  -  Spillway 
Foundations  -  Left  Abutment  Monoliths 
Left  Bnbankment  Cutoff  Core  Trench 


Page 

A-l 

A- 2  through  A-8 
A- 9  through  A-22 
A-23 

A-24  through  A-29 
A -30 


Right  bank  cut  off  trench,  view  downstream  (south¬ 
east)  showing  excavation  on  A-line.  Equipment  be¬ 
tween  stations  7+00  and  8+00,  8  Jun.  1970.  (Refer  to 
plate  13  for  stationing). 


Right  bank  cut  off  trench,  view  downstream  (south)  showing  hard  glacial  till  in 
foundation.  Cleanup  is  not  complete.  Camera  located  at  station  2+60. 10  Jun.  1970 
(Refer  to  plate  13  for  stationing) 


Right  abutment  initial  stripping,  view  northwest,  28  Oct.  1969. 


Right  abutment,  monoliths  1-5  foundation  cleanup  with  D-9  Cat,  view  east,  20  Oct.  1970. 


Mono.  1 12  too  area,  view  downstream  (south)  showing  spilitic  basalt  bedrock  in 
foundation.  Form  divides  mono.  1  in  foreground  from  mono.  2, 27  Oct.  1970. 


Monolith  1  toe  area,  view  right  (west)  showing  spilitic  basalt  bedrock  in  foundation,  27 
Oct.  1970. 


Mono.  1  foundation,  view  downstream  (south)  showing  backfill  concrete  to  elevation  750 
feet,  9  Nov.  1970. 


Mono.  1  foundation,  view  right  (west)  showing  backfill  concrete  to  elevation  750  feet,  9  Nov. 
1970. 


Monolith  S  foundation  excavation,  view  left  (east)  showing  backhoe  excavation  in 
toe  area,  9  Nov.  1970. 


Monoliths  3-5  foundations,  view  upstream  (north)  showing  mono.  3  with  forms  and  monos.  4  and  5  without  forms,  10 
Nov.  1970. 


Right  canyon  wall,  view  downstream  (southwest)  showing  maximum  excavation  for  the  original  diversion  slope.  Drills 


on  layback  line  (or  the  revised  slope  alinement,  3  June  1970. 


Monolith  6,  right  canyon  wall,  view  right  (west)  showing  cushion  blasted  cut  slope  and  crew 
working  at  elevation  660  feet.  Trestle  footing  excavation  in  center  and  on  right,  8  June  1970. 


Mono.  6  cut  slope  with  rock  bolts  and  wire  mesh  on  right  canyon  wall,  view  northwest 
showing  workers  preparing  to  blast  lift  between  elevations  650  and  670  feet.  Blast 
area  is  35  to  100  feet  downstream  of  dam  axis,  10  Jul.  1970. 


Diversion  pipe,  view  upstream  (north),  20  Jul.  1970. 


Trestle  erection,  view  upstream  (north),  22  Jul.  1970. 


Construction  of  headwall  for  diversion  pipe,  view  northeast,  6  Aug.  1970. 


Diversion  layback  slope,  view  upstream  (northwest), 
12  Aug.  1970. 


Trestle  construction,  view  downstream  (south),  21  Aug.  1970. 


Inlet  lor  diversion  pipe,  view  looking  downstream  3 
Dec.  1970. 


Downstream  side  of  cofferdam,  view  upstream  (north) 
showing  installation  of  “z”  piles  with  9B3  -  7800  pound 
hammer,  3  Dec.  1970. 


Completed  cotter  dam  and  diversion  pipe,  view  upstream 
(north)  showing  flow  overtopping  at  about  5200  c.f.s.,  7  Dec. 
1970. 


Monolith  7  foundation,  view  downstream  showing  first  concrete 
lift. 


Monolith  8  -  elevation  680  berm  on  left  canyon  wall,  view  southeast  showing  final  2 
to  9  foot  lift  drilled  and  ready  for  loading,  28  May  1970. 


Monolith  8,  view  northeast,  showing  slope  excavation  and  elevation  680 
berm,  21  Aug.  1970. 


Monolith  8,  cut  slope  above  elev.  680  berm,  view  southeast,  25  Nov.  1970. 


Monolith  8,  left  canyon  wall  cutslope,  view  upstream  (northeast),  18  Dec.  1970. 


Monolith  8,  left  canyon  wall,  view  east  showing  low  flow  conduit  excavation  from 
elevation  680  berm  to  elevation  640  in  monolith  7. 


Spillway,  view  east  showing  final  excavation  for  spillway  left  wall  with  "J”  bars  installed,  18  Dec.  1970. 


Spillway,  view  southeast,  showing  downstream  continuation  of  left  wall,  18  Dec. 
1970. 


Monolith  10,  view  upstream  (north)  showing  rock  foundation,  30  Oct.  1970. 


Monolith  11  cut  slope,  view  east,  14  Oct.  1970. 


Monolith  10,  view  east  showing  final  foundation  preparation  with  uplift  pressure 
cells,  two  in  center  and  two  on  right.  Monolith  1 1  concrete  in  background,  6  Nov. 
1970. 


Monolith  1 2,  view  south  showing  “J”  bars  drilled  1 5  feet  into  foundation.  Concrete 
surface  at  elevation  755  feet,  15  Oct.  1970. 


Monolith  1 2,  view  northeast,  showing  foundation  forming  preparation,  9  Sep.  1970. 
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Monolith  12,  view  north  showing  Joy  model  500  track 
drill  boring  "J”  bar  holes  in  foundation,  15  Sep.  1970. 


Monolith  13,  view  north  showing  final  foundation  preparation.  Note  grouting 
gallery  gutter  forms  at  right,  12  Oct.  1970. 


Monolith  14,  view  north  showing  final  concrete  placement  on  foundation  bedrock. 
Mortar  grout  on  surface  and  gutter  forms  tor  grouting  gallery,  15  Sep.  1970. 


Left  embankment  coretrench,  view  west.  Top  of  bedrock  exposed  in  fiat 
portion  of  trench,  5  Aug.  1971.  (Refer  to  plate  13 1o~  trench  location) 
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APPENDIX  C 


LABORATORY  ANALYSES 


EARTHWORK  LABORATORY  TESTING 


Selected  drill  boring  and  backhoe  samples,  shown  on  table  C-l,  were  tested  in 
the  laboratory.  laboratory  testing  supplemented  design  analyses  of  the  earth- 
fill  and  rockfill  embankments  adjacent  to  the  concrete  sections  of  the  dam, 
the  right  abutment  upstream  blanket,  and  the  left  abutment  downstream  slope 
treatment . 

Shear  Strengths.  Standard  unconsolidated  undrained  Q  tests  and  consolidated 
undrained  R  tests  were  made  on  undisturbed  samples  of  clay.  Consolidated 
drained  S  tests  on  clay  were  not  conducted;  however,  equivalent  strength 
envelopes  were  obtained  by  utilizing  pore-pressure  measurements  in  the  R 
tests.  The  results  of  consolidated  undrained  tests,  corrected  for  pore- 
pressures,  are  referred  to  hereinafter  as  R  strengths.  Six  R  tests  on  clay 
(68-R2,  78AL  &  AP,  and  94A,  B,  and  C)  showed  ultimate  strengths  substantially 
lower  than  peak  strengths.  These  relatively  low  ultimate  strengths  were  given 
maximum  consideration  in  the  selection  of  shear  strength  parameters  for 
design,  and  were  assumed  to  be  representative  of  the  strength  of  the  clay  con¬ 
sidering  the  presence  of  joints  and  fissures  observed  in  the  abutment  clays. 

Six  standard  consolidated  drained  S  tests  and  three  R  tests  were  made  on  sam¬ 
ples  of  typical  gravels  from  above  the  clay,  remolded  at  the  apparent  natural 
density  observed  in  field  density  tests.  Because  of  the  free-draining  charac¬ 
teristics  and  the  apparent  high  strength  of  the  upper  gravels  exhibited  by 
exposed  slopes  in  the  vicinity  of  the  damslte,  the  R  tests  on  the  upper  gravels 
were  disregarded.  A  shear  strength  of  0  “  37.5of  c  *  0  was  assigned  to  the 
upper  gravels  for  the  S  condition.  A  conservative  value  of  0  *  30°,  C  ■  0 
was  assigned  to  the  abutment  materials  below  the  clay  layer.  A  shear  strength 
of  0  ■  35o f  c  •  0  was  assigned  to  all  granular  embankment  materials.  Shear 
strength  parameters  for  the  foundation  and  embankment  design  are  summarized  as 
follows: 


Material 

Test 

Condition 

Cohesion  2/ 
lbs/ft 

6 

Tan 

Undisturbed  clay  layer 

Q 

2,000 

13° 

0.231 

R 

600 

20° 

0.364 

IT 

0 

270 

0.510 

Undisturbed  gravels  and  sands 

S 

0 

37.5° 

0.767 

above  the  clay  layer 

Undisturbed  gravels,  sands,  and 

0 

30° 

0.577 

silts  below  the  clay  layer 
and  slopewash  gravels 

All  granular  embankment 

0 

35° 

0.700 

materials 

Three  Q  tests  and  four  R  and  R  tests  were  also  made  on  samples  of  clay  com¬ 
pletely  remolded  at  natural  water  content  to  examine  the  possible  effects  of 
disturbance  from  existing  slides  in  the  natural  abutments  and  to  determine 
the  sensitivity  of  the  clay.  The  Q  strength  of  the  remolded  clay  is  9  “  9°, 


C-l 


C  ■  800  p.s.f.  and  the  sensitivity  is  relatively  low.  Shear  strength  sum¬ 
maries  are  shown  on  figures  C-l  through  C-6.  See  Wynoochee  Reservoir  Dam  - 
Basis  of  Design,  Design  Memorandum  10,  May  1967  for  the  detailed  laboratory 
analyses. 
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TABLE  C-l 


MOISTURE  CONTENT  AND  ATTERBERG  LIMIT  TEST  RESULTS 
PRECONSTRUCTION  EXPLORATION 
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Soils  Content  Atterberg  Limit,  Percent  Weight  Triaxial 

Sample  Depth  Symbol  Percent  Liquid  Plasticity  Index  lb/cu.ft  Test  1/ 
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* 

* 

* 

* 

C 

6-10 

GM 

* 

* 

* 

* 

Trench 

65-BH- 

56 

A 

2-4 

GM 

* 

* 

* 

* 

B 

4-7 

GM 

* 

* 

* 

* 

D 

9-12 

GP 

* 

* 

* 

* 

Boring  65-BA-62 


A 

5-6 

GP-GM 

* 

* 

* 

* 

C 

14 

GP 

7.2 

* 

* 

125 

D 

30 

GP-GC 

5.5 

46 

20 

133 

Yes 

Boring 

65-BA- 

-63 

B 

6 

GP-FM 

9.4 

27 

6 

140 

Yes 

D 

14 

GW-GM 

6.3 

32 

8 

126 

Yes 

E 

27 

GW-GM 

* 

* 

* 

* 

P.G 

38 

SM 

26.2 

it 

* 

79 

H 

43 

ML-CL 

* 

24 

5 

* 

*Test  not  requested. 

1/Triaxial  test  data  shown  on  figures  C-l  through  C-6. 
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TABLE  C-l  (con. ) 


Unified  Moisture 
Soils  Content 
Sample  Depth  Symbol  Percent 

Boring  6 5- BA-64 


A 

8. 

5  GP 

14.2 

C,D 

15 

GW 

11.5 

F 

28 

GW-GC 

8 

G 

36 

CL 

24 

H 

38 

CL 

26.9 

I 

43 

CL 

33.2 

J 

50 

CH 

39.2 

Boring 

65-BA 

-DD-68 

B 

9 

GW-GM 

6.1 

D 

18 

GP-GM 

4.7 

F 

30 

GW-GM 

6.3 

H 

45 

GP-GM 

7.1 

I 

61 

GP 

* 

73 

CL 

23.4 

E 

77 

CL 

24.7 

79 

CL 

27.7 

83 

CL 

34 

K 

83 

CL 

34 

86 

CL 

29.2 

R 

91 

CL 

32.7 

96 

CL 

33.7 

Dry 

Atterberg  Limit,  Percent  Weight 
Liquid  Plasticity  Index  lb/cu.ft 


* 

* 

111 

62 

24 

124 

40 

15 

128 

34 

10 

* 

38 

15 

* 

40 

16 

* 

54 

25 

* 

32 

5 

135 

* 

* 

* 

48 

15 

127 

* 

* 

124 

* 

* 

* 

30 

9 

107 

37 

14 

104 

40 

20 

99 

42 

17 

90 

40 

19 

90 

35 

15 

99 

48 

21 

91 

49 

21 

92 

Triaxial 
Test  1/ 


Yes 


Yes 

Yes 


Boring  65-DD-69 


B 

35 

CL 

23.3 

D 

37 

CL 

27.6 

F 

39 

CL 

16.7 

H 

41 

CL 

25.8 

J 

44 

CL 

25.7 

L 

46 

CL 

25.8 

0 

49 

CL 

25.8 

Boring 

65-BA-70 

A 

3 

SP 

* 

25 

CL 

* 

35 

CL 

* 

43 

CL 

* 

G 

46 

SP 

* 

33 

11 

102.7 

35 

13 

94.2 

34 

11 

110.5 

29 

8 

103 

32 

11 

101.2 

33 

10 

101 

32 

10 

101.5 

* 

* 

* 

50 

21 

* 

53 

25 

* 

32 

11 

* 

•Test  not  requested. 

1/Triaxial  test  data  shown  on  figures  C-l  through  C-6. 


Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 


TABLE  C-l  (con.) 


Unified  Moisture  Dry 


Sample 

Depth 

Soils 

Symbol 

Content 

Percent 

Atterberg  Limit,  Percent 
Liquid  Plasticity  Index 

Weight 

lb/cu.ft 

Triaxial 
Test  1/ 

Boring  65-RD-78 

A 

36 

CL 

26.3 

34 

11 

100.8 

C 

38 

CL 

27 

37 

15 

100.2 

K 

46 

CL 

26.3 

37 

15 

101.7 

Yes 

48 

CL 

27.2 

37 

15 

* 

56 

CL 

26.2 

37 

15 

* 

AC 

62 

CL 

30.4 

41 

19 

94.9 

AL 

70 

ML 

35.3 

37 

12 

88 

AP 

74 

CL 

32.6 

49 

23 

91.7 

Trench  65-BH-88 

5 

CL 

* 

66 

33 

* 

11  sw-sc 

* 

80 

39 

* 

Trench 

A 

65-BH-89 

0-3  GW-GM 

* 

* 

* 

* 

B 

5 

GP 

* 

* 

* 

* 

C 

10 

GP 

* 

* 

* 

* 

Trench 

A 

65-BH-90 

6  GP 

* 

* 

* 

* 

B 

9 

GP 

* 

* 

* 

* 

C 

12 

GP 

* 

* 

* 

* 

Boring 

A 

65-DD-94 

16  MH 

46.9 

65 

32 

* 

Yes 

B 

18 

MH.CL 

32.5 

41 

15 

* 

Yes 

C 

20 

CL 

35.3 

47 

20 

* 

Yes 

D 

25 

CL1 

19.8 

38 

18 

* 

Yes 

♦Test  not  requested. 

l/Triaxial  test  data  shown  on  figures  C-l  through  C-6. 
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PETROGRAPHIC  ANALYSIS  OF  CONCRETE  AGGREGATE 


1.  General.  The  coarse  aggregate  used  in  the  concrete  for  construction  of 
Wynoochee  Dam  was  obtained  from  the  Wynoochee  River  flood  plain  approximately 
2  miles  upstream  of  the  dam.  The  tabulation  below  shows  the  average  composi¬ 
tion  of  the  coarse  aggregate: 

Percent 


massive  graywacke  55 
impure  bedded  graywacke  16 
coarse-grained  basalt  8 
fine-grained  basalt  11 
breccia  6 
vein  materials  4 


Following  is  a  summary  of  the  petrographic  reports: 

2.  Wynoochee  River  Gravels.  The  gravels  are  greenish-gray  and  consist  pre¬ 
dominantly  of  graywacke  sandstone  and  minor  basalt  metamorphosed  to  varying 
degrees.  The  gravels  are  moderately  weathered,  but  contain  less  than  1  per¬ 
cent  soft  particles.  Particle  shapes  are  predominantly  rounded  or  subrounded, 
with  moderately  rough  surface  textures.  Flat-elongate  particles  are  not  pre¬ 
sent  in  significant  amounts  in  either  sand  or  gravel.  No  deleterious  consti¬ 
tuents  that  could  swell  and  break  down  the  rock  or  concrete  were  observed. 

The  graywacke  sandstone  is  fine  to  medium  grained  and  consists  of  ever 
decreasing  sized  angular  fragments  of  plagioelase  feldspar,  quartz  and  minor 
pyroxene  minerals  plus  basalt  and  minor  altered  sedimentary  rock  grains  in 
pastry  matrix  containing  shreds  of  altered  biotite,  chlorite,  secondary 
quartz,  traces  of  carbonate  and  pyrite,  and  silty  dark  crystalline  material. 
The  coarse-grained  basalt  stones  are  diabase  or  gabbro  in  texture.  Green 
alteration  products,  which  occur  both  as  separate  inserts  and  as  alteration 
rims  around  pyroxene,  consist  of  chlorite  clays  with  minor  amounts  of  second¬ 
ary  tremolite.  The  fine-grained  basalt  has  constituents  less  than  0.3-milli- 
meter  in  size  and  contains  relict  clusters  (spherulite  or  variolitic)  of 
plagioelase  feldspar  in  dark  altered  and  oxidized  volcanic  glass  along  with 
green  products  consisting  of  chlorite  and  celadonite.  Breccias  and  contact 
rocks  consist  largely  of  variegated  red  fractured  and  fissured  fine-grained 
basalt  with  minor  associated  sedimentary  assimulates.  Vein  materials  occur  in 
both  basalt  and  graywacke  particles  and  contain  one  or  more  of  the  following 
minerals:  quartz,  secondary  plagioelase  feldspar  (albite-oligoclase)  sericite 
mica,  epldote,  chlorite,  nephrite  amphibole  and  cordierite.  The  volcanic 
glass  in  the  fine-grained  basalts  is  extensively  altered  and  other  consti¬ 
tuents  are  present  in  negligible  amounts.  Alkali-reactive  tests  indicated  the 
materials  to  be  nonreactive. 

3.  Wynoochee  River  Sand.  The  tabulation  below  shows  the  average  composition 
of  the  natural  sand: 


C-6 


Percent 


graywacke 

57 

coarse-grained  basalt 

10 

fine-grained  basalt 

10 

vein  breccia 

11 

other  rock 

12 

The  concrete  sand  was  a  blend  of  natural  sands  made  from  Wynoochee  River 
gravels  and  finer  sand  obtained  from  the  Wynoochee  River  west  bank,  a  few 
hundred  feet  downstream  from  its  confluence  with  Trout  Creek.  Particle  shapes 
are  predominately  subrounded  for  material  retained  on  the  No.  30  sieve.  The 
sand  is  of  greenish-gray  color  and  is  made  up  of  moderately  weathered  grains 
containing  5.6  percent  soft  constituents  and  3  percent  minus  200  silty  fines. 
This  would  be  classed  as  a  sand  of  good  quality,  comparable  to  most  of  the 
sands  used  in  major  NPD  concrete  structures  containing  less  than  6  percent 
soft  constituents.  The  gradation  of  the  processed  natural  sand  from  the  pit 
gravels  was  deficient  in  sizes  passing  the  No.  30  sieve.  This  made  it  neces¬ 
sary  to  selectively  use  sand  deposits  in  the  riverbed  and  blend  materials  at 
the  screening  plant  surge  pile  during  plant  feed. 
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b.  Composition:  Ihc  diaoase  contains  about  357.-40%  plagioclase  feldspar, 
307.-35%  pyroxene,  57.-10%  magnetite  and  207.-25%  green  clay  alteration  products. 


c.  Alteration:  The  rock  Is  appreciably  altered  and  contains  23%-25%  of  I 

green  clays  that  are  identified  as  chlorite  by  X-ray  diffraction  methods.  The  j 

chlorite  clays  occur  chiefly  as  insets  between  a  mesh  of  plagioclase  feldspar  | 
laths.  Some  of  the  chlorite  is  arranged  in  oriented  fibrous  form,  however,  the 
majority  of  the  chlorite  appears  to  have  random  orientation.  The  plagioclase 
feldspars  do  not  have  a  fresh  appearance.  The  majority  of  the  plagioclase 
crystals  are  abundantly  microfractured,  have  a  clouded  appearance  and  frequently 
have  chlorite  penetrating  along  the  micro frac tures .  The  chlorite  appears  to  be 
formed  from  the  alteration  of  pyroxene  as  it  mimics  the  habit  of  the  pyroxene. 
The  type  of  alteration  observed  is  due  to  late  magmatic  action  and  is  not  caused 
by  weathering  of  the  rock.  The  few  grains  of  pyrite  seen  in  hand  specimen  attest 
to  the  late  magmatic  or  hydrothermal  alteration. 

4.  X-ray  Diffraction  Analyses 


Representative  portions  of  the  rock  were  ground  to  a  fine  powder,  water 
slurried  onto  glass  slides  and  X-rayed  as  oriented  aggregates.  X-ray  analysis 
indicate  that  the  green  clays  seen  under  the  microscope  are  some  variety  of 
chlorite.  The  chlorite  is  present  in  moderate  amounts.  No  montmoril Ionite  clays 
that  could  swell  and  breakdown  the  rock  are  present.  An  explanation  of  the 
strucutural  and  hence  behavioral  differences  between  montmorillonite  and  chlorite 
should  be  given.  Both  chlorite  and  montmoril lonte  are  layered  silicates  similar 
to  mica,  however,  the  chlorite  has  magnesium  atoms  bonding  the  layers  together 
whereas  montmorillonite  has  water  along  with  cations  between  the  layers  and  thus 
the  layers  are  free  to  move  apart  and  expand.  Imagine  the  leaves  of  a  book.  In 
the  case  of  chlorite  the  book  leaves  are  bonded  together  by  magnesium  whereas 
in  montmorillonite  the  leaves  have  water  and  cations  between  them  and  thus  are 
free  to  expand  and  move  apart  with  the  degree  of  movement  being  dependent  upon 
the  type  of  cation  and  the  amount  of  interlayer  water.  When  sodium  is  the  inter¬ 
layer  cation  the  montmorillonite  shows  pronounced  expansion  when  wetted.  The 
montmorillonite  in  bentonite  is  usually  of  the  sodium  type  and  therefore  the 
pronounced  expansion  that  results  with  bentonitic  clays.  Montmorillonite  clays 
having  a  divalent  cation  such  as  calcium  show  less  expansion.  The  ethylene 
glycol  used  in  the  accelerated  expansion  test  expands  the  distance  between  the 
layers  and  therefore,  if  the  rock  contains  montmorillonite  in  proper  orientation 
or  habit,  the  rock  breaks  down  by  the  pressure  exerted  by  ethylene  glycol 
penetrating  along  the  layers.  Since  chlorite  has  layers  that  are  bonded  together, 
the  ethylene  glycol  does  not  cause  expansion.  The  sample  submitted  contains 
chlorite  rather  than  montmorillonite  and  thus  no  breakdown  should  be  evidenced  i 
during  the  accelerated  expansion  test. 

5 .  Rock  Quality  \ 


The  basaltic  diabase  sample  submitted  consists  of  strong  and  hard  rock  that  | 
does  not  contain  clayey  seams,  soft  material,  weathered  material  or  significant  ] 
amounts  of  micro joints.  No  montmorillonite  clays  that  could  swell  and  cause 
rock  breakdown  are  present.  However,  although  there  is  no  montmorillonite,  the  j 
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rock  is  appreciably  altered  and  contains  2j7.-257.  of  chlorite  clays.  The  effect 
of  these  clays  on  rock  durability  are  difficult  to  evaluate.  We  recently 
tested  a  basaltic  rock  with  chlorite  clays  that  had  337.  loss  after  the  freeze- 
thaw  test.  The  chlorite  clays  in  this  rock  were  present  in  amounts  of  157.-237. 
and  occured  in  inclusions,  as  insets  in  feldspar  and  along  numerous  micro joints . 
Significantly,  the  tested  rock  had  the  structural  imperfections  of  numerous 
microjoints  with  chlorite  being  oriented  along  the  joints.  Most  of  the  chlorite 
clays  in  the  rock  submitted  have  random  orientation,  however,  there  are  some 
areas  where  the  chlorite  has  a  subparallel  orientation.  Chlorite  occurs  in 
many  kinds  of  rocks,  e.g.,  in  graywacke  sandstone  sediments,  in  chlorite 
metamorphic  schists  and  in  propylitized  andesite  volcanic  rocks.  Tests  on 
chlorite-bearing  graywackes  (Lumni  Island  and  Robe  Quarry,  Seattle  District) 
and  propylitized  chlorite-bearing  andesites  (Blue  River  and  Lookout  Point  Dams, 
Portland  District)  have  shown  these  rocks  to  be  durable  materials  with  only 
minor  freeze-thaw  losses.  Over-all  evaluation  would  indicate  that  the  chlorite 
clays  are  probably  not  detrimental  to  rock  durability.  However,  since  there  are 
basaltic  rocks  that  have  undergone  appreciable  freeze-thaw  losses,  absolute 
insurance  of  rock  durability  would  indicate  performance  of  freeze-thaw  testing 
on  rock  from  the  Wynoochee  source.  The  sample  submitted  was  not  noticeably 
mlcrojointed  but  the  gross  scale  of  jointing  in  the  field  is  not  known. 

Numerous  joints  with  green  clay  infillings  might  affect  rock  durability. 


/J 


NELSON  B.  HIGgI^ 

Chief,  Petrography  Branch 
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S  CONSOLIDATED  DRAINED 


UNCONSOLIDATED  UNDRAINED 
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FIGURE  C-3 


CONSOLIDATED  UNDRAINED 


S  H 


SUMMARY  OF  TRIAXIAL  COMPRESSION  TESTS  ON  UNDISTURBED 
SAMPLES  OF  CLAY, "IT  CONSOLIDATED  UNDRAINED  W/MEASURED 

PORE  PRESSURE 
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FIGURE  C-4 


FIGURE  C-5 

C-15 


i 

i 


NORMAL  STRESS  -  TONS/ SQ.  FT 

SUMMARY  OF  TRI  AXIAL  COMPRESSION  TESTS  SHOWING 
EFFECT  OF  REMOLDING  ON  Q  STRENGTH  OF  CLAY 


UNDISTURBED 

REMOLDED  AT  NATURAL 
WATER  CONTENT 
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FIGURE  C-6 


NORMAL  STRESS  -  TONS/ SO.  FT. 

SUMMARY  OF  TRI  AXIAL  COMPRESSION  TESTS  SHOWING  EFFECT  OF  REMOLDING 
ON  "r"  STRENGTH  OF  CLAY 
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BORINGS  LOGS 


■VYNOOCHEE  DAM 


.PROJECT  MILE  51.8,  .'.YNOOCHEE  _RIVER 


DEPTH  OF  HOLE _ 126 J  . 

DEPTH  OF  0.8. _ . 

ROCK  DRILLEO _ I6?J_ 

%  CORE  RECOVERED..  9;> 


_  DIAMETER  OF  HOLE _ NX _ 

.  OATE  STARTED _  1  _ 

_  OATE  COMPLETED.  Jj  P« c  .  ]964  _  _ 
CONTRACTOR  _  U,S  ALO,ieoiile_ 


SURFACE  EL  756.0  HOLE  NO  64 -DD  -24 


N  763  ?S1 
E  1  14S 


m 


DESCRIPTION  OF  MATERIALS 


REMARKS 


h 


Cloyey  GRAVEL,  (Angular  Rocfc 
Fioaments) 

Top  RocT  •  7.0‘ 

BASALT  .  ‘inely  c  ystal  line  to  aphanitic  , 
1  4"  feldspar  phenoci  ysts  in  loco!  zones 
Few  zones  of  poiogonite  with  carbonate 
veinlets .  Unweatheied  joints  show 
mirror  po'ish  on  bract  chlofitic  coatings 
Few  joints  show  striae  .  Weathering 
along  joints  extends  to  depth  23' 

Smal'  I  8",  omygdules  appear  ing  at 
2C‘  depth  on  J  increasing  in  number, 
up  to  2%  ■  of  ock  T>ass,  at  7(  '  depth  . 


Abundont  .o'bonatr-  and  poogoniv*  in 
I"  th  i  c k  cu'  vf*d  planes  ''On  50  to  6C  ’ 
deceasing  in  frequenc  y  and  ending  at 
73 'depth  . 


Began  d'  i  ling  w 
tricone  'Oct  bit .  Sons 
logged  by  visual 
classification  of  wash 
somp.es.  NX  casing 
seated  ot  8  6’  depth. 
Began  co-ing  w  NX 
dia  .  bit  at  9.2' . 


Rock  is  generally 
c  osely  jointed  and 
fractured.  Core 
lengths  'ange  from 
fragments  to  0.6',  with, 
rare  longer  pieces  to 
1.2'.  Average  length 
o»  run  approximately 
3'. 


Pi  now  zone  at  base  of 

f  low  . 


_  Bose  of  F  low 

Top  V  r  Sw 

BAS  A.  T  .  a.  *i  “  d*si  ihed  ot.ovc 
phenoc  >  o1*  *o  I  4  lo  1  I  2 

amygdules  ‘  •  ~  1 .'  '  * 

I  ir*weathe«ed 
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WYNOOCHEE  DAM 


PROJECT 


MILE  51  .8,  WYNOOCHEE  R)VER 


WYNOOCHEE  DAM 


PROJECT 


MILE  51 .8,  WYNOOCHEE  RIVER 


WYNOOCHEEDAM _ PROJECT  MILE  51 .8.WYNOOCHEE 


RIVER 


DEPTH  Of  HOL£_  48j6 _ DIAMETER  OF  HOLE. _ 

NX 

DEPTH  OF  O.B. 

18.6  date  started 

18  Dec  .  1964 

ROCK  DRILLED 

__30j: _ DATE  completed _ 

29  Jan.  1965 

%CORE  RECOVERED. 

_ JQL _ contractor _ u.s. 

A.E.D.  Seatt:e 

SURFACE  EL  802. C 

HOLE  NO  65-OD-29 

N  763  744 

E  1,230.585 

ELEVAr 

tions 

802.0 

T 

H 

GRA 

PHIC 

LOG 

CORE 

X 

o  8 

DESCRIPTION  OF  MATERIALS 

REMARKS 

-1 

i 

j 

IQ- 

GP 

& 

Alternate  laye  s  of  Sandy  GRAVEL  & 

Silty  Sandy  GRAVEL  w  a  few  Cabbies 

(9") 

Overburden  penetiated 
w  NX  chopping  oit  and 
tr  icone  i  ock  bit . 

Sol  s  logged  by  visual 

“ 

- 

GM 

classification  of  wash 
sompies . 

783.4 

- 

NX  casing  seated  at 

18  .t 1  Hnpth 

20- 

mj 

Top  of  Rock  at  18.6' 

BASALT,  dark  gray,  aphanitic  with 
phenocrysts  to  1/4"  .  Traces  of  car¬ 
bonate  ve  inlets.  Joints  are  weathered 
brown  to  depth  47' .  Joints  show  mirror 
oolish  with  some  showing  striae  . 

: 

30' 

m 

as 

Rock  is  closely  jointed 
ond  fractured.core 
lengths  range  from 
fragments  to  0.5'. 

j 

PR 

40~ 

M 

: 

m 

m 

CurveJ  crvoonote  ond  hydrous  gloss 
zones,  44.2  to  44.5,  suggest  nearness 

753.4 

: 

Ski 

50 

Bottom  at  48  .6' 

Inflow  Test: 

Filled  hole  with  water, 
water  dropped  to  14'  at 

9  gpm  rote,  then  rate  of 
outflow  decreased  and 

W .  L .  sfabi  1  ized  at  19' 

; 

depth . 

1 

I 

1 
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D-10 


SURFACE  EL  937.8 


HOLE  NO  65-CD-30 

DESCRIPTION  OF  MATERIALS 


N  ’62,523 
E  1.231.659 


Silty  Gravelly  SAND,  brown 


Clayey  Silty  SAND,  w  minor  fine  Sand 
beds,  gray 


C  layey  SI  LT  w/Fine  Sand,  gray 


Silty  CLAY  w  Sand,  blue-gray 


SAND  (fine^ ,  Silty  CLAY  &  GRAVEL, 
interbedded  lenses 


Clayey,  Silty,  Sandy  GRAVEL  w 
goulders,  gray 


■"S.  SILT,  buff  to  gray  -  buff 


Top  of  Bedrock  at  304' 
Cuttings  of  basalt  w  white  carbonate 


REMARKS 


Depth  239#‘ trace  water 


Depth  260',  no  water 


Depth  289',  overnite 
water  level,  274  w  1' 
sand  inflow;  water 
inflow  2  gpm . 

Depth  297',  overnite 
water  level  282’ 


Depth  307 ;  overnite 
water  level  275  ' 


D-12 
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WYNOCCHEE  DAM 


PROJECT 


MILE  51  .8,  WYNOOCHEE  RIVER 


796.4 


HOLE  NO  65-RD  -3? 


TT 

E 


[CORE 

% 

s 


DESCRIPTION  OF  MATERIALS 


Clayey  GRAVEL  w  rnany  Bould*-'s,  g'Qy 


^64,097 

1,230  215 

REMARKS 


Clayey  Sandy  GRAVEL  w,  many  Cobbles, 
t-ompact ,  9'Oy 


Sandy  GRAVEL  w  Cobbles  Boulders, 
gray 


Clayey  GPAVEL  w  'Cobbles,  blue -gray 

(till) 


Top  of  Rock  142  .0 


BASALT  cuttings 


Bottom  "  152-0 


No  pressure  test 


D-17 


0-18 


D-19 


0-20 


D-2 1 


WNOOCHEf  _ 

PROJECT  Mill  ' 

WYNOOCHEr  RIVER 

OEPTH  of  hole_  .  _ 

-r-  _  DIAMETER  OF  HOLE 

Nv 

DEPTH  OF  O.B.  . 

.  *_•' _ DATE  STARTED 

•■unjust  1965 

ROCK  DRILLED. 

Sv5. _ DATE  COMPLETED 

14  *_j/j_ust_  TV65  _ _ 

%  CORE  RECOVERED. 

ipO'.-. _ CONTRACTOR  _  _  K 

OJMJ  i  g  ^  INC  . _ 

SURFACE  EL  627.3 

HOLE  NO  65-dd  4i 

-63,326 

E  1.231.0./ 

DESCRIPTION  OF  MATERIALS 


REMARKS 


|  Sandy  GSAv'lL,  g»ay,w  CobLI-s  (c“) 

,  Top  of  Kock  •  3 .7 

Geologic  description.  BASALT,  bloct  . 
hard,  noil  just  scratches,  pi  I  low-s*’  ui  *u 
locally  1  8"  feldspars,  f*-w  cabonot 
I  amygdules,  locally  carbonate  vins  and 
!  lenses  to  1"  thick,  up  to  1  2"palogonitic 
ind  on  som«  pillows.  Joint*  incipient 
and  closed  w  no  wt  otht**ing  o»  Coining. 
Surfaces  cu  ved  and  slow  mirro  -polisr 
on  near -block  chlotitoid  coating,  l-oc 
slickensides  attributed  to  lock  swi  II  and 
not  to  tectonics.  Closed  joints  break  oper 
w  finge*  ptessuie  but  are  discontinuous 
,  and  moss  shea*  strength  is  ^igh  if  con¬ 
fined  .  Core  lengths  1  4"  to  t" 


4"  tiicor.> 
Nv  co-e 


Pack.--  bo*  *  Dm  1 
’.Voter  pressure 
No  inflow 


D-25 


WYNOOCHEE  DAM 

PROJECT  MILE  51.8,  V/YNOOCHEE  RIVER 

DEPTH  OF  HOLE _ 

_36_8_ 

DIAMETER  OF  HOLE  NX 

DEPTH  OF  O.B. _ 

_K8_ 

DATE  STARTED  15Auaust)965 

ROCK  DRILLED _ 

.  i5J)_ 

DATE  COMPLETED]7  August  1965_ 

%  CORE  RECOVERED. 

CONTRACTOR  KOP -IT  CO,_,  INC . 

SURFACE  EL  o3,.2 

HOLE  NO  65-DD-43  E*  1,231,  ^51 

DESCRIPTION  OF  MATERIALS 


Sandy  GRAVEL,  loose,  gray 
Top  o*  Roc i  '  .8' 

BA1  All  black  ,  bo  d  (just  sc  atches 
w  nail),  pillow  structu'e  w 
palogonitic  ind  and  few  to  bono'e 
amygdules,  locally  1  8"  feld  spa-s, 
CO3  veins  to  V  thick 


Joints  closed  i,  incipient  w  no 
staining  o:  weathe'ing;  curved  j o « •  •  t 
SU'faCeS  show  fii- ror  -pol ish  on 
ch lor » t o i d  coatings,  t  ace  si  ickensides 
attributed  to  ock  swell  and  not  to 
tectonics,  closed  joints  b<«*a»  open  w/ 
finge  pressure  but  a»e  discontinuous 
&  shear  strength  is  high  if  confined. 


REMARKS 


Tr  iconi'  to  3.9' 


D-27 


WYNQC£H_tt_DAM  PROJECT  _  __  _MlLLi.Ue^WXNuyiUtL_  RIVER 


DEPTH  OF  HOLE _ 12_C _ DIAMETER  OF  HOLE _ ~ _ 

DEPTH  OF  0.8. _ RJ> _ DATE  STARTED _  _ 

ROCK  DRILLED _ ~ _ DATE  COMPLETED.  2J1  Mi.]9!5 _ 

%  CORE  RECOVERED  _ CONTRACTOR  ..  .  Lt  ^E^D.^Ssal'k 


SURFACE  EL  787  8  HOLE  NO  ,5-BH.* 


g  GRA  CORE 

TIONS  I  PHIC  %  DESCRIPTION  OF  MATERIALS  REMARKS 

787.8  I  LOO.  8 


TIONS  C  PW'C  *  DESCRIPTION  OF  MATERIALS  REMARKS 

787.8  h  LOG  D  8 


0-34 


WYNOOCHEEDAM PROJECT _ Ml  U_5K  8,_WYNCOCHfF RIVER 


DEPTH  OF  HOLE _ J  1&-Z. _ DIAMETER  OF  HOLE_J6  _SJS2< _ 

DEPTH  OF  0.8. _ 108.2.  _  _  DATE  STARTED _ '1  ^Pi  i?M _ 

ROCK  DRILLED _ 8.5  __  DATE  COMPLETED.  _6_OciJ 96 5 _ 

%C0RE  RECOVERED.  93%  __  CONTRACTOR _ yp^A_.E_.D.^  ieottje _ 


SURFACE  EL  797,7  HOLE  NO  65  BA  DO -68  E  L23L266 


ELEVA¬ 

TIONS 

T 

gE/T 

E33 

i 

PHIC 

DESCRIPTION  OF  MATERIALS 

REMARKS 

797.7 

H 

LOG 

o 

8 

794.7 

E 

ML 

Gravelly  SILT,  soft,  wet,  brown 

E 

CM 

Alternate  layers  of  Silty  Sondy  GRAVEL, 

LL  32,  PI  5 

■  UK 

& 

compact,  gray,  4  c'andy  GRAVE  L  ,  loose 

6.1%.  135  pcf(GM) 

GP 

(openwork),  brown,  w ''Cobbles  &a  few 

(Layers  dip  down 

I 

Boulders  ( 14") 

slope) 

(Composite  Samples  are 

“ 

0 

GP-GM) 

20  ' 

4  ,  130  pcIIGF 

LL  48,  -1  15 

768.7 

R 

<J 

Sandy  GRAVEL  w/Silt,  loose,  wet. 

6.3%,  127  pel 

- 

WtWM 

brown  w  'lenses  of  openwork  ! 

(F ines  aie  in  smal  1 

762.7 

I 

HI 

pockets  K  stick  irsg 

GP 

Sandy  GRAVEL,  loose,  wet,  brown, 

to  coarse  fraction) 

758.7 

- 

(openwork) 

40  ‘ 

GM 

Silty  Sandy  GRAVEL,  compact,  wet,  1 

(Layers  dip  down- 

“ 

& 

w  layers  of  Sandy  GRAVEL,  loose 

slope) 

GP 

< 

(openwork),  wet  w  a  few  layers  of  '■P, 

7.1%,  124  dcI 

SAND 

(Composite  Sample  is 
GP-GM) 

50 

Water  seeping  into 

- 

hole  below  56'  but 

- 

runs  out  through 

— 

loose  GM  in  bottom 

- 

of  hole  . 

60  1 

■^GroveMy  SAND(coa'se) , compact ,  V 

B 

736.7 

<J 

saturated,  gray  brown  (stratified) 

Len^s  dip  downslope 
20  to  25° 

K 

Silty  Sandy  GRAVEL,  loose,  saturated. 

■..v.H® 

brc*»  .  (some  openwork)  w,  lenses  of 

Bucket  auae- 

Tricone 

E 

M 

SAND  (fine) 

726.7 

f  Ll  30,  P|  9 

J  LL  30.  PI  11 

K 

- 

P 

23.4%,  107  pci 

Ej 

f  LL  37  P|  14 

~ 

Jo 

•{.  24.7%,  104  pci 

PiM 

Cl 

* 

T1 

CLAY,  stiff,  Mue-grOy  1 

?  L  L  40,  PI  20 

- 

(Lob) 

(.27.7%,  99  pci 

I 

- 

f 1  42,  PI  17 

ILL  40,  P|  ‘9 

- 

l  34.0%  ,  90  pc 

I 

- 

-O 

f  :  L  35  »l  15 

^22- 

L  29 . 2% ,  99  pel 

“ 

ft  l  48,  PI  21 

l  32.7%,  91  pci 

— 

- 

_ 

f  1  L  49  rl  21 

- 

L-1- 

]_  33.2%,  92  pc' 

>•>  ' 

ITilig 

Clayey  GRAVE l 
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WYNOOCHEl_DAM _ PROJECT 


MILE JL-8,  WYNCOCHLE RIVER 


V 


WYNOOCHEE  DAM  PROJECT  MILE  51 .8,  WYNOOCHEE  RIVER 

1  DEPTH  OF  HOLE _ 

>L.2_ _ DIAMETER  OF  HOLE__ 

36"  _| 

DEPTH  OF  0.8. 

_ _ 

54.2  DATE  STARTED  24  Sept  1965 

ROCK 

DRILLED 

_ _ 

DATE  COMPLETED  30  Seot  1965 

|  %C0RE  RECOVERED. 

CONTRACTOR  U.S.7 

L.  E,  D  ^fflttlg _ _ 

|  SURFACE  EL 

758.4 

HOLE  NO  55-BA-70 

N  762,940 

E  1,231.023 

GRA 

CORE 

ELEVA¬ 

TIONS 

I 

PHIC 

% 

DESCRIPTION  OF  MATERIALS 

REMARKS 

758.4 

T 

H 

LOG 

9  8 

- 

v  Ml  7 

(tut) 

\Sandy  SILT  w/organic  Debris,  soft  wet,  t 
Vrown  / 

_ 

<3 

Sand  It  in  highly 

753.4 

- 

^Groveily  SAND  w/a  few  Cobbles  (7")  ,» 

\ loose,  wet,  aray  / 

distorted  lenses 

- 

GP 

Wk 

Sandv  GRAVEL  w/a  few  Cobbles (7") , 

747.4 

compact,  moist,  brown  {some  ooenwork) 

741  .4 

i 

Sandy  Silty  GRAVfcl  .v  ''Boulders  &  w, 
lenses  of  SILT 

Lenses  dip  to  the 
southwest 

20  ^ 

GM 

Sandy  Silty  GRAVEL  w/Cobbles  ( 8")  &  a 

& 

few  lenses  of  SAND^f'^l  brown 

Seep  at  24 .0' 

734.4 

“ 

SP 

LL  50,  PI  21 

"2 

< 

M 

CL 

CLAY,  moist  to  dry,  brown  to  blue-gray 

m 

(Lab) 

<3 

LL  53,  PI  25 

Lense  of  SP,  SAND(coarse)t  dry, 

43.6'  to  43.9' 

m 

a 

« 

LL  32,  PI  -  11 

— 

i ft 

M\ 

SAND,  medium,  moist 

rm 

GC 

Clayey  Sandy  GRAVEL,  very  compact 

■E 

w  'Cobbles  &  Boulders  (till) 

704  2 

1 

i 

1 

Bottom  a  54.2'  Top  Rock 

E 

I 

D-38 


0-39 


WYNOOCHEE  OAM 


HEE  OAM _ PROJECT  _  MILE JKBjJWNqOCHfcE _ RIVER 


DEPTH  OP  HOLE - 13^? _ DIAMETER  OP  HOLE _ _ 

DEPTH  OF  0.8 - i3^ _ DATE  STARTED. 'A  Oct_  1965 _ 

ROCK  ORILLED - J! - DATE  COMPLETED.  J$_Q£Ll&5 _ 

%CORE  RECOVERED.!* - CONTRACTOR _ U.S.A.E.D.,  SeofHe 


SURFACE  EL 


737.7 


gWa 

|PH»C 

LOG 


CORE 


HOLE  NO 


65-6H-83 


_N  762,705 
E I, 730,36 7 


FlevaH 

TT10NS 

737.7 


DESCRIPTION  OF  MATERIALS 


REMARKS 


735.7 


725.7 

224.7 


jfi 


Silty  Gravelly  SAND,  brown 


Sandy  GRAVEL  w  'few  Cobbles  (8"' 


\  Sandy  GRAVEL 

Bottom 'a  13. O’ 


Wgter  Level  .  12.5’ 


D-43 


D-44 


_ wy noochee  dam. _ PROJECT  _  mile JLL.wYNOQCHEf _ RIVER 

DEPTH  OP  HOLE _ i2X _ DIAMETER  OF  HOLE _ — _ 

DEPTH  OF  O.B. _ !?_5 _ DATE  STARTEO _ !9_Qs'J??L _ 

ROCK  DRILLED _ _ DATE  COMPLETED.  J9_QcU»5 _ 

%  CORE  RECOVERED _ _ CONTRACTOR  _  JJ^A.£_.D.X  Wtle _ 


-  GM  Sandy  Silty  GRAVEL  w  Cobbles 

797.6  I _  00") _ 

GP  <3  Sandy  GRAVEL  w/mony  Cobbles  & 

2  (Lobl  <3  Boulders  (14"' 


0-40 
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WYNOOCHEE  DAM  PROJECT  MKE  5K8,  WYNOOCHEE _ RIVER 


DEPTH  OF  HOLE _ 

_  69j3_ 

_  DIAMETER  OF  HOLE 

NX 

DEPTH  OF  O.B. _ 

_  5?J_ 

_  DATE  STARTED- _ 

7  Dec  1965 

ROCK  DRILLED _ 

_  J0J_ 

-DATE  COMPLETED. 

9  Dec  1965 

%  CORE  RECOVERED. 

_.>Q0% 

CONTRACTOR _ 

U.S.A.E.D.,  Seattle 

DESCRIPTION  OF  MATERIALS 


REMARKS 


Sandy  Silty  GRAVEL  w/Cobbles  (6”) 


Sandy  GRAVEL 


Tricone  3-7/8" 
w -'water  in  NX  casing 


CLAY,  stiff,  blue^gray 


Overburden  C lossificotion 
by  drill  action  water  loss, 
&  examination  of  water 
return 


Sandy  Silty  GRAVEL,  compact, 

(till) 


Top  Rock  59.2 


BASALT,  dork -gray  to  near -black, 
mod.  bard  to  bard,  jointed  at  1"  to  7" 
intervals  . 


Triconed  to  61  .2' 


NX  core  to  69.3 


Bottom  a  69.3 


No  pressure  test 


D-49 


D-60 


MOOCH*  l  DAW 


PROJECT  _  _.'_YNOOCH» _ RIVER 


DEPTH  OF  HOL  E_  _  ;'K?_ 

DEPTH  OF  O.B. _ 

ROCK  ORILLEO _ ]6J?_ 

%  CORE  RECOVERED  J00%_ 


SURFACE  EL  7Qr,  „  I 


.  OIAMETER  OF  HOLE,  ,  _N_< _ 

DATE  STARTED _ 2 8, More 8  1965  _ 

DATE  COMPLETED.  ,  Jl_MarchJ96<5_ 
CONTRACTOR  _  y.i.AJJ)_.  Jeo'He_ 


\W 


■W 


HOLE  NO  66-DD-102 

N  764,380  1 

E  1,231,034 

DESCRIPTION  OF  MATERIALS 

REMARKS 

Mondpiped  ond  triconed 
to  56.3 

I  'andy  GRAVEL  w  few  cobbles  (8“)  w 
;  lenses  of  open  woik 

50%  water  return 

i 

j~ -  ~v 

Clayey  GRAVEL,  brown 

Water  le  ve  1  1 8 . 4  ‘ 

Overburden  classifica¬ 
tion  from  drill  action, 
watc  loss,  and  e*amina 
tion  of  water  return 

100%  woter  return 

\Ooyey  GRAVEL,  blue -qroy  _ f 

100%  water  return 

andy  Silty  GRAVEt,  compact 

100°-  water  return 

J  -andy  GRAVEL  w  few  cobbles 

60%  water  return 

|  Top  rod-  3*  .  3 

|  Basic  coorse -grained  intrusive  rock, 

|  darV  -qroy,  hard,  vatioble  leocfion  /one 
i  cJ»arac terized  by  unoriented  cumulopbyf  <c 
aggregate  of  pyroxenes  to  !'  diameter, 
jointed  at  0.1*  tc  2.0*  intervals 

N  *  core 

Bottom  hole  71  .2 

NOTE  7"  plastic  pipe  left  in  hole, 
perforated  42.0’  to  54.3’ 

0-54 


Mjj-i  -  RIVER 


WYNOOCHEE  DAM 


PROJECT 


MILE  51.8  WYNOOCHEE__ RIVER 


D-57 


_  i2AM _ PROJECT  Mlli_5L^_WYND.©Di£L _ RIVER 


DEPTH  OF  HOLE _ 92J _ DIAMETER  OF  HOLE _ fci>$ _ 

DEPTH  OF  0.8. _ 1,5 _ DATE  STARTED _ 14.  fcj<a«n>b*i_  12^ _ 

ROCK  ORILLED _ ?9J _ DATE  COMPLETED _ 28  November  J966 _ 

%  CORE  RECOVERED.  100% _ CONTRACTOR _ JUSeoitj*- _ 


SURFACE  EL  724.0  HOLE  NO  66-OD-I20 


6RA  CORE 

PHIC  %  DESCRIPTION  OF  MATERIALS 
LOG  D  8 


SILT,  soft,  brown 


ipl 

m 


REMARKS 


Triconed  to  5.4' 
cosed  to  2 .0' 

NX  core  below  5.4 


BASALT,  dork-gray,  hard  w/maflc 
phenocrysts,  curved  CO3  velnlets 
suggestive  of  pillow  structure  .  Mafic 
phenocrysts  decrease  in  size  and  abun¬ 
dance  to  depth  40' . 

Stained  joints  at  0. 1'  to  0.8'  intervals 
to  depth  44  .0' 


Gradational  contact  a  40' 


BASALT,  dark-groy,  moderate  hard 
w/curved  CO3  veinlets  and  altered  gloss 
rinds  indicative  of  pillow  basalt  flow 


Traces  of  clay  on  some 
joints  to  depth  36' 


With  surface  water 
running  into  the  hole 
below  casing,  the  lowest 
measured  water  level 
was  20.0' 


i  £3 


Unstained  joints  at  0.05*  to  1  .2'  intervals 
joints  coated  with  chloritoid  film  showing 
a  mirror  polish.  Incipient  cooling 
cracks  at  0.05  to  0.1'  intervals. 


Bottom  a  92.2' 


D-59 


0-82 


WYNOOCHEE^DAM _ PROJECT  _  _  MILE_5K8  WYNOOC£££ _ RIVER 


DEPTH  OF  HOLE _ 

J3J3 _ DIAMETER  OF  HOLE. 

- 

DEPTH  OF  0.8. _ 

J3^0 _ DATE  STARTED _ 

17  January  1967 

ROCK  DRILLEO _ 

.  _ DATE  COMPLETED.. 

17  January  1967 

%  CORE  RECOVERED. 

CONTRACTOR 

U.S.A.E.D.  Seattle 

SURFACE  EL  750.4 

HOLE  NO  67-BH-127 

N  763,097 

E  1,231,039 

DESCRIPTION  OF  MATERIALS 


REMARKS 


Sandy  GRAVEL  w /occasional  cobbles 
and  boulders  (18")  Compact,  Moist,  Tan  | 

Silty  CLAY  Moist,  Tan _ . 

CLAY  Hard,  Dry,  Ton _ I 


Rood  fill 

Layers  apparently  dip  to 
West 

Water  seeping  at  top  of 
cloy 

Trench  6'  long 
Bearing  approximately 
N  20  degrees  W 


0-03 


D-6S 
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« 

I 


DRILLING  LOG 


L  PROJECT 

WYNOQChEE  Dam _ 

2.  LOCATION  tCocrtflnotH  v  5Jt*toru 

N  76 5.120  E  L230.S20 

3.  Oflx-UNC  aC-EnC  i 

SOIL  SAMPLING  SERVICE  INC. 


5.  name  Of  D »Hi£B 


0  VtRTtCAl  □  *CUNCO  _ 

?.  ThCxnESS  Of  OvERBuROCN  £>3.5 
8.  DE.PTM  DRILL  CO  INTO  ROCR  2.5' 

S.  TOTal  OEPTh  •*«  HOiE  66.0' 


_  il  datum  tor  Elevation  shown  rrau  <*  vsu 
-  \2.  MANUFACTURERS  DESiCNATlON  Of  DRli 

CABLE  TOOL _ t _ _ 

-13.  TOT  At  NO.  Of  OVER-  .-disturbed  ;un 

BURDEN  SAMPLES  Taken 


ENG  PORM  1836  previous  editions  are  obsolete. 


PROJECT 

ArYNOOCHEE 


Hole  Ho.  P-145 


DRILLING  LOG  |  Np p 

»,  PROJECT 

WYNOOCHEE  PAM _ 

2.  LOCATION  lCWrf»«te*  Of  stakmt 

N  762.640  E  1.231.090 

3.  DfcLlWG  AGENCY  _ _ 

SOIL  SAMPLING  SERVICE.  INC. 

4.  HOLE  NO.  i As  tre* n  o> t  orotlnQ  title  ; 


■68-CD-M5 


5.  NAME  Of  DRLLER 

6.  DIRECTION  Of  HOLE 

EJ  VERTICAL  Q  waKO - - 

1.  TUCANESS  Of 


8.  OCPTH  ORtLED  INTO  ROCK  2.5' 


).  TOTAL  DEPTH  OF  MOLE  I3?.5' 


WSTALLAtlON 

_ NPS  _ 

~io.  size  and  type  of  an  CABLE  TOOL 

_  l  OA7 IM  FOR  ELEVATION  SHOWN  n&*  or  4 fSO 
_  2.  MANUFACTURER'S  DESIGNATION  OF  «BLl 

CHURN  DRILL  _ 

-  0.  TOTAL  NO.  OF  OVER-  ;D*STURBE0 

BURDEN  SAMPLES  TAKEN  ; _ _ _ 

-  *.  TOTAL  NUMBER  CORE  BOXES _ 

6.  ELEVATOR  CflOUfC  WATER 


_  IT.  ELEVATION  TOP  Of  HOLE  7fe3.3‘  [QRNPJ 
_  «.  TOTAL  CORE  RECOVERY  FOR  BORMC _ 


I IS.  SIGNATURE  Of  INSPECTOR 


SKIT  | 

Of  2  SHEETS 


Ui  SANDY  SILT.  MOIST.  SLIGHTLY 
ML  PLASTIC.  BROWN 


GP  SANDY  GRAVEL.  LOOSE.  MOIST.  BROWN 


SP-  GRAVELLY  SAND  [  COARSE  ]  WITH 
SILT.  MOIST.  BROWN 

SM 


20-H  sm  silty  sand  [Fine  j.  moist,  brown 


30 ~J  SM  SILTY  SAND  with  GRAvEL.BROWS 


SANOy  GRAVEL  [  COARSE  1  BROWN  TO 
GP  CRAY  [  WATER  BEARING  1 


SILTY  CLAY.  S Tiff.  WET.  GRAY  70 
8LUE-GRAY 


GRAVELLY  SAND  WITH  St  T.  MEDIUM 
DENSITY.  BLUE -GRAY 


SlL~  .  SANO  WITH  layers  Of  SilT 
ANO  GflAVELir  SAND.  MOIST.  GRAY 


CHURN  DRILL  USING  6*  CASING 
AND  WATER  07*.  Y 

OVERBURDEN  Classification  by 
ORLL  ACTION  AND  VISUAL  „  „ 
INSPECTION  OF  BAILER  SAMPLES 

DRLLING  ♦  2' AHEAD  OF  CASING 


ENCOUNTERED  WATER  AT  32' 

|  BAILING  TEST. 

16  CPM  FOR  15  MIN. 

I*  DRAWDOWN  IN  CASING 


-bentonite  Clay 


-GRAVE’.  BACKFILL 


DRLLING  ♦  S  AHEAD  OF  CASIN'” 


ENG  FORM  1836  previous  cd»t «*s  are  obsolete. 

MAR  71 


WYNOOCHEE  DAM 


D-6» 


f 


ORILLINC  LOG  (Cont  Sheet) 


ELEVATION  TOP  Of  HOLE 

763,3-  [  GRNO.  j 


Hole  No.  P-145 


PROJECT 

WYNOOCHEE  DAM 


INSTALLATION 

NPS 


sheet  2 
or  2  S*<ETS 


DEPTH 

irt 


PlEZ. 


RCUARK& 

tOriHlne  Urn  w aw  no,  atftti  of 
•mgtmlrQ,  me,  H  sJyftk&il 


SM 

ML 

SP 


SILTY  SAND  WITH  LAYERS  OP  SILT 
AND  GRAVELLY  SANO.  MOIST,  GRAT 


655.3 


650.3 


638.3 


628.3 

625.8 


HO  — 


SM 


SILTY  SANO  WITH  GRAVEL,  GRAY 


120- 


130  H 


MO  _ 


SP 

SC 


GRAVELLY  SAND  WITH  CLAY,  COMPACT 

c  till!  angular,  blue-gray 


TOP  OF  ROCK  AT  i3S' 


BASALT  WITH  VEINS  OF  CALClTE 


BOTTOM  AT  137.5- 


te 


,  CLAYEY  SANO  C  TILL  3,  VERY  COMPACT. 
$C  !  GRAY  TO  BLUE-GRAY 


s 

- 

e| 

LJD* 


BOTTOM  OF  CASING  AT  114.5 


■SLOTTED  PVC  PIPE 


CASING  PERFORATED: 

3-9 

I8-23' 

3I--38- 
48-53 
7l  -114- 


ENG  FORM  1836-A  previous  editions  are  06Solete. 

MAR  Tl 


PROJECT 

WYNOOCHEE  DAM 


HOLE  NO. 

P-145 


0-70 


r 


Hoi©  No.P-146 


ENC  FORM  1836  previous  tattONS  obsolete.  wo^ct  hole  mo. 

*  WYNOOCHEE  DAM  P-146 


DRILLING  LOG 


L  PROJECT 
WYNOOCHEE 


?.  LOCATION  I  Card  irons  or  SiatloN 

N  763,000  E  1.231.880 


4.  HOLE  NO.  IAS  Start*  Of*  itomlnj  mis 
ml  Hm  numtmr) 

7I-CD-I50 

S.  NAME  OF  DRILLER 

ft.  DMIvliON  OF  NOLL 

®  VERTICAL  Q  NCLNED 

OEO.FROU  VERT. 

?.  thickness  of  overburden  85.5' 


a.  DEPTH  d riled  *to  rock  o 


9.  TOTAL  DEPTH  OF  MOLE  85.5' 


K).  SIZE  A  NO  TYPE  Of  BlT  £«  CABLE  TOOL 

Ift.  DATUM  FOR  ELEVATION  SHOWN  (T0M  or  USD 


12.  MANUFACTURER'S  DE$lCNAT>ON  OF  DRILL 

CHURN  DRILL 


13.  TOTAL  NO.  OF  OVER-  ;  DISTURBED 

BURDEN  SAMPLES  TAKEN 


M.  TOTAL  NUMBER  CORE  BOXES 


17.  ELEVATION  TOP  OF  MOLE  808  TOP  OF  CASING 


18.  TOTAL  CORE  RECOVERY  FOR  BORMG 


19.  SIGNATURE  OF  INSPECTOR 


CHURN  PRILL  USING  S'  CASING 


OVERBURDEN  CLASSIFICATION  BY 
DRILL  ACTION  AND  VISUAL 
INSPECTION  OF  BAILER  SAMPLES 


EXISTING  GROUND  SURFACE  WHEN 
HOLE  WAS  DRILLED.  DEPTHS 
GIVEN  REFER  TO  TOP  OF  CASING 
(  ElV.  808.0'  3 


-BENTONITE  CLAY 
-SAND 

-GRAVEL  BACKFILL 


ENG  FORM  1836  previous  editions  are  obso.ete. 

MAR  71 


PROJECT 

WYNOOCHLE  DAM 


D-72 


DRILLING  LOG  (Cont  Sheet 


ENG  FORM  1836- A  previous  editions  are  obsolete. 

MAR  7l 


[PROJECT 

wyndochee  dam 


L  PROJECT 

WYNOOCHEE  DAM _ 


2.  LOCATION  tCeetahxtms  at  SWfcnl 

N  763,150  E  1,231,500 


<  MOLE  ha  (As  sto*n  or)  drotrino  tuts 
and  ntruutr) 


S.  NAME  Of  DRtLER 


6.  OlRECTCN  Of  HOLE 

0  VERTICAL  D  NCLKD  _ 


7.  TrtCKMESS  Of  OVERBURDEN  3Q 


a  depth  DRt-LED  WTO  ROCK  0.5' 


9.  TOTAL  DEPTH  Of  HOLE  30.5' 


>L  datum  tor  elevation  shown  am  at  usu 


C.  MANUFACTURER'S  DESIGNATION 

CHURN  DRILL 

Of  DRK.L 

a  TOTAL  NO.  Of  OVER¬ 
BURDEN  SAMPLES  TAKEN 

DISTURBED 

LMXSTURBED 

-  M.  TOTAL  Wh6£R  CORE  BOXES _ 

IS.  ELEVATION  CROCK!  WATER 


JlT.  EtCVATtON  TOP  Of  HOLE  78fc,2  CCRND.  3 
Jib.  TOTAL  CORE  RECOVER  1  FOR  BORING 


W  SIGNATURE  Of  INSPECTOR 


REMARKS 

(Dtlilttg  turn.  wartr  tots,  osftn  of 
wmtrtmtrQ.  we.  H  sfgrtrkatfJ 


CHURN  DRILL  USINC  6*  CASING 


OVERBURDEN  CLASSIFICATION  Br 
DRILL  ACTION  AND  VISUAL 
INSPECTION  OF  BAILER  SAMPLES 


CASING  TO  30.5' 
PERFORATED! 


20.5-30.5' 
10.5' -15.5' 


ENG  FORM  1836  previous  editions  are  obsolete. 

MAR  71 


[PROJECT 

WYNOOChEE  DAM 


0-74 


JSOCNQOCHEE  DAM _ PROJECT  _MIL£_5J_.8  WXNQQCH£f _ RIVER 


OEPTH  OF  HOLE _ 69 _ DIAMETER  OF  HOLE _ _ 

DEPTH  OF  0.8. _ 61 _ DATE  STARTED  _ 

ROCK  DRILLED _ J? _ DATE  COMPLETED. ’J^eeember.  1969 _ 

%CORE  RECOVERED _ * _ CONTRACTOR.  _5  o[l_Sqm£ling_Sjem  ccj_lnc_. _ 


SURFACE  EL  ^“/HOLE  NO  P-152 


gWa 

|PHIC 

L06 


N  762,830 
E  1,231,080 


TTIONs 


763.8 


DESCRIPTION  OF  MATERIALS 


REMARKS 


GM 


10 


20  1 


30 


729.3 


40 


50  1 


708.3 


60 


698.8 

694.8 


zr 

& 

ML 


GM 


Silly,  Sandy  GRAVEL,  gray  to  brown 


^Piezometer  tub* 


CLAY  &  SILT,  blue 


Rtf 


Sandy,  Silty  GRAVEL,  hard,  brown  to 
gray 


GM 


iiJe 


Silty  GRAVEL,  dry,  gray  to  brown 
Top  of  Rock _ 


Bottom  n  69' 


Churn  drill  using  6" 
casing 


Overburden  classifica¬ 
tion  by  drill  action  and 
visual  inspection  of 
boiler  end  drive  samples 


6"  casing  to  69' 
perforated: 

5'-  10’ 

15*-  20' 

25'- 35' 

42.5'-  47.5' 
56'- 69' 


Placed  l*1  ID  plastic  pip^ 
to  68*5,  bottom  10' 
perforated . 


Backfilled  with  pea 
gravel  49 .5'-69*sand 
47.5-49.5  bentonite 
seal  42.5-47.5  sand 
34 . 5*-42 . 5 ' 


Tried  to  fill  piezometer 
tube  ond  cosing  with 
water,  but  both  drained 
out . 


UMTS 


WYNOOCHEE  DAM 


WYNOOCHEE  DAM 


PROJECT  MILE  51.8  WYNOOCHEE 


RIVER 


D-78 


WYNOOCHEE  DAM 


PROJECT  WH-E  51  .8  WYNOOCHEE 


RIVER 


surface  el 


HOLE  NO  p-155 


N 


D-81 


D- 82 


0-»3 


WYNOOCHE:  DAM  PROJECT  MILE  51.8  WYNOOCHEE _ RIVER 


DEPTH  OFHOLEJOO _ DIAMETER  OF  HOLE _ 

DEPTH  OF  O.B.  __?! _ DATE  STARTED L9!9 _ 

ROCK  DRILLED. _ .l5 _ DATE  COMPLETED.  _ 

%  CORE  RECOVERED _ : _ CONTRACTOR  _s®iLs2'5!lna 


SURFACE  EL  CG“^42 


HOLE  NO  p-159 


gWa 

|PHIC 

LOG 


764,510 

1,230,710 


ter 

809.4 


DESCRIPTION  OF  MATERIALS 


REMARKS 


806.4 


SM 


_dGP 


10 


793.9 


GM 


30 


Ho 


50 


749.4 

748.4 


741.9 


734.4 


ISO 


70 


Mt 

CL 

GC“ 

& 

GM 


n 


80 


PO 


Silty  SAND  w/grovel 


GRAVEL  (basaltic),  weathered,  hard 


Sandy  Silty  GRAVEL  (basaltic) 


’iezometer  tube 


V  ft  -\Silty  CLAY,  blue  gray _ 

^  ^  Silty  C LAY  w /gravel,  plastic , 


gray 


Clayey  GRAVEL  &  Silty  GRAVEL,  hard, 
gray 

_ Top  of  Rock _ 


1709.4 


i<xfl 


ik 


Bottom  fi  100' 


Chum  Drill  Using  8" 
casing 

Overburden  classificatiorj 
mode  by  dri  1 1  action  on<| 
visual  inspection  of 
boiler  samples. 


Placed  V  ID 
Plastic  pipe  to  100', 
bottom  10'  p^rforatmd . 
Bock  filled  with  pea 
grovel  67'-100*  sand 
65*-d7'  bei  tonite  seal 
60' -65*  sand  SS'-dO' 


8 Basic  Igneous  Rock  w/ciay  fault  gouge  at 
80',  gray 


Encountered  water  (£75* 
Level  rase  to  55*  in  1/2 
hr .  4"  casing  to  77' 
stopped  water  in  flow 

Casing  perforated: 

36’  -  41' 

46'-51* 

56*  -dr 

[66*  -  76' 


D-84 


WYNOOCHEE  DAM 


PROJECT 


Ml  LE  51 .8  WYNOOCHEE 


RIVER 


SURFACE  EL 


MO  I  F  WH  P-161 


0-88 


0-88 


D-91 


ORLLiNG  LOG 


InvtseH 


ItfiTALLATDH 


Hote  WO.87-PA-203 


ENG  FORM  1836  pMvkxjs  eutons  am  okoletc. 


MOJCCT 

WYNOOCHEE  LAKE  PROJ 


HOLE  NO. 

87-PA-203 


DRILLING  LOG 


L  PROJECT 

WYNOOCHEE  lake  project 


2.  LOCATION  tcaofdtn* u  or  SWfcW 

RT.  EMBANKMENT  DAM  CREST 


5.  DftLLKG  AGENCY 

GOVERNMENT 


4.  HOLE  NO.  tto  rtwi  on  arcane  mm 


!«•  s«  *MD  TYPE  or  RT  0*  HOLLOW  STEM 

>L  DATUM  FOR  ELEVATION  SHOWN  (TSU  at  I/SO 


_  12.  UAtAjF ACTuRER'S  DESIGNATION  OF  OALL 

MOBILE  8-80  AUGER 

13.  TOTAL  NO.  Of  OVER-  j  DISTURBED 


ASPHALT  CONCRETE  <2-l/4") 
ON  CRUSHED  BASE  COURSE 


SILTY  SANDY  GRAVEL  W/OCCASICNA 
COBBLES  <6").  DENSE,  MOIST. 

BROWN 


WATER  C  40.  3 /4 87, 
WHILE  DRILLING 


BOTTOM  O  47.2' 

ON  BASALT  BEDROCK 


ENG  FORM  1836  previous  iottioics  are  obsolete. 

MAR  71 


PROJECT  HOLE  NO. 

WYNOOCHEE  LAKE  PROJ  87-PA-2D4 


i  n ojcct 

WYNOOCHEE  LAKE  PROJECT 


2.  LOCATION  ftrtWM  ar  SMM 

LT.  EMBANKMENT  DAM  CREST 


ip.  %ai  and  type  or  Bff  S’  HOLLOW  STEM 
k  datum  for  euvatcn  show  /raw  «r  hsl> 


.  C.  MAMJF  AC  TUROVS  DESIGNATION  OF  CALL 

MOBILE  B-80  AUGER 

■  0.  TOTAL  NO.  OF  OVER-  'CAST  UNBED 

BURDEN  SAMPLES  TAKEN  4 

UNCMSTUHKD 

-  H.  TOTAL  NUMBER  COME  BOXES  Q _ 

B.  ClEVATON  GROOM?  WATER  70g' 


ft.  DATE  HOLE 

it.  elevation  top  of  We  805' 


ft.  TOTAL  CORE  RECOVERY  FOR  BORMC  Q 


a.  SIGNATURE  OF  MSPECTOR 

KAISER 


ASPHALT  CONCRETE  (2">  ON 
CRUSHED  BASE  COURSE 


SILTY  SANOY  GRAVEL  W/  COBBLES 
(8"»,  DENSE,  MOIST,  BROWN 


N=  NUMBER  OF  BLOWS  TO 
DRIVE  SAMPLER  12" 


2-1/2"  SPLIT  SPOON  SAMPLER 
DRIVEN  BY  400“  HAMMER 


SP-  GRAVELLY  SAND  (FINE  TO  COARSE) 

SM  W/SILT,  DENSE,  WET,  BROWN 


WATER  C  37',  3/6/87 
WHILE  DRILLING 


SILTY  SANDY  ORAVEi  <3"), 

dense,  saturated,  brown 


SOFT  FROM  40'  TO  42' 


BOTTOM  O  45'  ON  BEDROCK 


ENG  FORM  J836  prfvjous  tot  ions  arc  obsolete. 

MAR  7l 


Eb  n=s 

C  N=6 

ID  N=3 


PROJECT 

WYNOOCHEE  LAKE  PROJ 


HOLE  NO. 

87-PA-205 


D-96 


Hole  no.87~PA-2Q7 


DRILLING  LOG  wre,°" 

MSTALLATiON 

QQB1 

L  PROJECT 

WYNOOCHEE  LAKE  PROJECT 

0.  sat  wo  type  or  m  8*  HOLLOW  STEM  S 

Z.  lOCaTCn  lOwOwAM  er  SMW 

LT.  EMBANKMENT  DAM  CREST 

5.  ORLLMG  AGENCY 

GOVERNMENT 

MOBILE  B-80  AUGER 

IrtXSTlMKD 

<  HOLE  HO.  CM  flfekr*  m  «**■»  *» 

:  87-PA-207 

.  lidJ 

S.  NMtf  Or  DfcU.tR 

STAN  BALES 

S.  ELEVATION  GROUND  HATER 

(.  Oft£CTKM  or  HOU 

hatf  m  f  [STARTED  jcOtTlETED 

«.  OATE  HOLE  ;  3/, 3/87  : 3/14/87 

_ □ 

7.  T*IU€SS  or  OVERBURDEN  44.8' 

U  DEPTH  DOLLED  WTO  ROCK  Q 

».  signature  or  mspector 

%  tOTAl  DEPTH  Of  note  44.8 


KATO 


DEPTH 

» 

•  i 

aASsrcATiON  or  materials 

WmtrtnM 

4 

PCZ. 

NST. 

SOX  OR 
SAJtf’LE 

NO. 

♦ 

REMARKS 

tfrMflp  MtMKc  AHA  CRN*  (T 
wmmtaf.  «to.  /f  MgnffTbaW  > 

IKS 

IS 

CM 

SILTY  SANDY  GRAVEL  W/  COBBLES 

_ 

DENSE  TO  VERY  DENSE,  MOIST, 

5— 

BROWN 

-- 

LJ 

- 

3 

X 

10 — 

3 

_ 

_i 

— 

H- 

— 

3 

- 

S’ 

if 

IS— 

COBBLE  LAYER  O  15' 

a. 

>- 

_ 

> 

M 

N=  NUMBER  OF  BLOWS  TO 

- 

DRIVE  SAMPLER  12" 

- 

Q 

_ 

— i 

o 

L/> 

Ul 

*- 

- 

Q 

20  — 

Z 

I 

CO 

— 

- 

- 

1/4“ 

BENTONITE  PELLETS,  15  GAL. 

~ 

i 

25— 

; 

GRAVE 

LL Y  SAND  (COARSE)  C  40  GAL. 

“ 

1 

2-1/2"  SPLIT  SPOON  SAMPLER 

- 

DRIVEN  BY  400-  HAMMER 

30_I 

A 

N=60 

B 

N=40 

- 

C 

N=68 

- 

- 

35— 

_ 

0 

N=70 

- 

\ 

E 

N=33 

- 

\ 

- 

s 

F 

N=73 

- 

8 

G 

N=79 

40— 

5 

X  41.6',  3/ 14/87,  WHILE  DRILLING 

5 

H 

N-88 

s 

1 

N= 26/6",  126/6" 

r 

I 

N=42/6".63/3"  REFUSAL 

BOTTOM  AT  44.8'  ON  BEDROCK 

IS 

-CAVE-IN  MATERIAL 

(AUGER  REFUSAL! 

i 

1- 

1/2" 

1,0.  PERFORATED  PVC  PIPE 

1 

1 

1 

804.5 


753.4 


760.2 


ENG  FORM  1836  previous  idttiohs  am:  orsoietc. 


[PROJECT  [hole  no. 

WYNOOCHEE  LAKE  PROJECT' R7-PA-707 


D-M 


GRAVELLY  SAND  JCOARSEl 


90*  <RErUSAL» 


*M/2l  ID  PERFORATED  PVC  PIPE 


WYNOOCHEE  LAKE  PROJ  87-PA-208 


DRILLING  LOG 


L  PROJECT 

WYNOOCHEE  LAKE  PROJECT 


Z.  LOCATOR  (dorlrmt  <x 

LT.  EMBANKMENT  DAM  CREST 


3.  ORLUMG  AGENCY 


ASPHALT  CONCRETE  ( 2" )  ON 
CRUSHED  BASED  COURSE 


SILTY  SANDY  GRAVEL  W/ 
COBBLES  <6->.  DENSE, 
MOIST,  BROWN 


|KL  SIZE  AM)  TYPE  OF  BIT  g*  HOLLOW 

STEM 

.  a  datum  for  elevation  shown  neu 

or 

HSU 

MANUT AC T UftER'S  DESIGNATION  OF  DRILL 

MOBILE  B-80  POWER  AUGER 


IT.  ELEVATION  TOP  Of  HOLE  805' 


«•  TOTAL  CORE  RECOVERY  FOR  BOftNG  Q 


19.  SCNATUM  OF  NSPCCT0R 

KAISER 


REMARKS 

lOfMtQ  Tima,  «Rr  bft  mftfi  at 
MMrf««tbJT  tigrffbaHl 


1-1/2“  SOLID  PVC  PIPE 


-BENTONITE  SLURRY/ 
CORE  MATERIAL  MIX 


l/A"  BENTONITE  PELLETS 


fGRAVELlY  SAND  (COARSE) 


ENG  FORM  1836  previous  editions  are  obsolete. 


PROJECT 

WYNOOCHEE  LAKE  PROJ 


JHOLE  MO. 

87-PA-209 


0-100 


D-101 


DWLLING  LOG 


C  PROJECT 

WYNOOCHrF  LAKE  PROJECT 

2.  LOCATION  (Cwtalmne  at  Sftpftrt 

LT.  EMBANKMENT  DAM  CREST 

J.  OfkLkMG  AGENCY 

government 


5.  MMC  Of  ORLlER 

STAN  BALES _ 

6.  DETECTION  Of  HOLE 

En  VERTICAL  D  MCLMEO  _ 

7.  TWCKKSS  Of  QvERSUPOEh  23.5' 

g.  DEPTH  ORllEO  mo  ROCK  0 
9.  TOTAL  DEPTH  Of  NOU  25.5' 


REMARKS 

(Or luing  rim.  wtfm  met.  tnpn  rf 
vnertmrtrQ,  me,  If  styn/fkar*) 


1-1/2"  ID  SOLID  PVC  PIPE 


I/A"  BENTOM^E  PELLETS 


l-l/?'i  ID  PERFORATED  PvC  P*PE 


